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Eliminates operating costs 
Cuts maintenance needs 


After 15 years under actual operation conditions, the 
principle of using an absolutely dry, frictionless seal for 
the storage of chemical process gases has proved itself! 
The heart of the new Wiggins Gasholder— its permanent, 
strong flexible seal—eliminates the need for constant 
inspection and maintenance of seals. No chance of 
explosive or toxic mixtures accumulating outside the 
storage space. 


No water! No tar! No grease! 


The seal has a core of woven asbestos glass coated on 
each side with synthetic rubber. It is gas-tight and im- 
permeable. Because it has absolutely no liquid— noth- 
ing can evaporate and adulterate the gas. Nor can the 
seal itself evaporate—or freeze—or blow out. 


The principle of confining 

Pressurized gos with a Since there is no water or other sealant liquid, the 
dr¥ sea! is not new. The rollers, guides and delicate assemblies of ordinary gas- 
Ge Be etn re . . holders are unnecessary. The Wiggins Gasholder foun- 
dation is comparatively light because there is no heavy 


water load to support. 


No heavy or complex rigging 


in the petroleum industry 
has !5-yeor record of 
success Balloons ond 
dwigibles hove stored 


vewatane Ayan Operates at any pressure up to 20” of water. Not affected 
for Pm en yeor te find by heat, cold, ice, snow, wind, rain. Capacities from 1,000 
out exactly how this new to 10,000,000 cv. ft. Delivers gas dry, pure, undiluted. 
odaptation of a tried and 
proved principle can give 
you better gos siorage ot 
lower cout over the yeors, 
write General 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South La Salle Street, Chicago 90, lilinois 


District Office Clevelend Delles + Howton Los Angeles New 
New York Pittsburgh © St. Lows © Son + Seattle Tube 
we 

10 Best 49h Street, New York 17, New York 
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x See your own material dried in the Link- 


Belt Laboratory. A test run on your product 
can be orranged at your convenience. 


With ONE LINK-BELT MULTI-LOUVRE UNIT 


The Link-Belt Multi-Louvre is a flexible 
unit which may be used to dry, cool and 
process material from the time it enters 
the unit until it is discharged. A cooling 
section on the discharge side of the unit 
permits temperature control between the 
hot drying gases and the ambient tem- 
perature of the incoming air. The unit 
can also be arranged so that the product 
may be treated with steam or other gases 


which may be required in the processing 


while the drying operation is going on. 


Special applications can be made for 
materials which require a series of tem- 


perature treatments in different zones. 


You are invited to discuss your par- 
ticular drying problems with a Link-Belt 
Engineer. His advice is yours without 


obligation. 


MAY WE SEND YOU LINK-BELT DRYER BOOKS Nos. 1911-A AND 2209? 


LINK-BELT COMPANY 
Chicago 9. Indianapolis 6, Philadelphia 40, 
Atlanta, Dallas 1, Minneapolis 5, 
San Francisco 24, Los Angeles 33, Seattle 4, 


DRYING PROCESS ENGINEERING 
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Look to Celanese for CP Acetone—in the quantities you need 
to meet your industrial requirements. This high quality ketone is f 
supplied in accordance with the following specifications: GET THESE 


Acetone Content : 99.5% min. 
Sp. Gr., 20/20 0.7915-—0.7935 ORGANIC CHEMICALS 
Distillation Rarce 1°C. mex. incl. 56.1°C. 
Color ‘ 5 APHA max. | FROM CELANESE 
Acid as Acetic 002% mox. 
Alkalinity os NH Juséees 1.0 ppm mox. 
Non Volatile Max. .001 gr. per 100 cc sample 
Permangonate Time : 2 hours min 
Aldehydes None 
Woter..... bess than 0.5% (miscible with 19 
vol. 60° Be’ gasoline at 20°C.) 


Corrosion Test Poss 
Mercury Test Poss 


Celanese offers the odvantages of a nationwide distribution sys- 
tem which includes tank truck delivery service in important areas. 
Write for catalog containing specifications and general informa- 
tion on Acetone as well as other Celanese organic chemicals. 


CELANESE CORPORATION OF AMERICA 
Chemical Division, Dept. 44-B 
180 Madison Avenue, New York 16, N. Y. 


CHEMICALS 


"Reg. U.S. Pot. OF 
ACIDS - ALCOHOLS - ALDEHYDES - GLYCOLS - INTERMEDIATES - KETONES - PLASTICIZERS - SOLVENTS 
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easy maintenance 


Brown Fintube Design Simplifies 
Inspection and Maintenance 


@ Brown Fintube Sectional Hairpin Heat 


Exchangers reduce maintenance three wayst— 


Ist. BY MINIMIZING COKING. The much 
increased surface area permits efhcient oper- 
ation at low “skin” temperatures, minimizing 
coking and building up on the tubes. 

2nd. AVOIDING BACK EDDIES. The con- 
trolled flow through the longitudinal passages 
keeps all the material in continuous motion, 
avoiding baffles, back eddies, and stagnant 
areas that cause fouling. 

3rd. EASY TUBE REPLACEMENT. A fintube 
hairpin can be taken out of the shell, and a 


THE BROWN FINTUBE CO. 
ELYRIA, OHIO | 


wH in FE 
Ours in Emergency 


Ore 
Longer Tube ALLOwance 


clean hairpin substituted, by only 2 men, in 
less than 10 minutes, using only ordinary 
tools and mo special rigging. 


For the utmost in efficiency and economy, 
use Brown's proven, welded fintube heat 
exchangers throughout your plant. Estimates 
and quotations furnished promptly. Write for 
Bulletin No. 481. 


SECTIONAL 
HAIRPIN 
HEAT EXCHANGERS 
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‘ i CONTINUOUS OPtRATION 
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HOW TO FEED 


AT ANY PRESET, ADJUSTABLE RATE 


%Proportioneers% Loss-in-Weight method for 
controlling the flow of liquids, dry materials, and 
gases .. . singly or in combination . . . permits 
feeding these proportionally at a constant or 
variable rate into a continuous or batch process. 
The system shown utilizes gravimetric measure- 
ment, the most accurate and simple of metering 
methods; errors due to viscosity or expansion 


_IN PROPORTION | 


All equipment shown red in photo 
and flowgram furnished by 


Proportioneers, Inc. % 


caused by temperature changes are avoided. The 
equipment is ideally suited for handling toxic or 
hazardous chemicals, since complete monitoring 
of all functions is made a part of the control 
system. Whatever your proportioning require- 
ment, %Proportioneers, Inc.% can engineer and 
provide the proper equipment. Ask for Bulletins 
SM 135 and 1200. 


Write to %PROPORTIONEERS, INC.%, 26 Codding Street, Providence 1, R. I. 
Technical service representatives in principal cities of the United States. Canada. Mexico and other foreign countries. 
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Bring on chemicals 
with TEETH! 


> Impervious Graphite 
Heat Exchangers 


ARE READY! 


“Karbate” Impervious Graphite Heat Ex- 
changers handle an extremely wide range of 
corrosive fluids. They are both acid-resistant 
and alkali-resistant. Their thermal conduc- 
tivity is higher than that of most com- 
monly used metals. They are light in 
weight, immune to thermal shock, will 
not contaminate the solution, and are 
amply strong and vibration resistant. 
“Karbate” heat-exchanger types in- 
clude: tube-bundle, cascade, plate, 
bayonet, and concentric in standard 
and special sizes. 

Other “Karbate” equipment in- 
cludes: pipes and fittings, valves, 
pumps, tanks. For more details 

write to National Carbon Com- 

pany, Inc., Dept. CP ‘ 


The term Karbate is a registered trade-mart of 
NATIONAL CARBON COMPANY, INC. 
of Unton Carbide and Carbon Corporation 

W Bast 42nd Street, New York 17, N.Y. 

Division Sales Offices: Atlanta, Chicago, Dallas, 

ansas City, New York, Pittsburgh, Sen Francisco 
Foreign Department: New York. U.S.A. 


These products sold in Canada by Canadian 
National Carton Co. Lid., Toronto 


“Karbate” Impervious 
Graphite tube- bundle 
heat exchanger, floating 
end diaphragm construction, 
used for partial concentration 
of H.SO, comtaminated with 
volatile organics. Contains 244 tubes, 
in. dia, be 9 feet long. Tube sheets 
are 28‘, in. dia. by 64, in. chick. 
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COMMENT 


“SOMETHING FOR NOTHING” 


N a letter to his friend Randall, on May 23, 1857, Lord 

Macaulay predicted that our government could never sur- 
vive the Twentieth Century. His reasoning was that the indo 
lent and unthinking people of our nation would be im the 
majority and would, sooner or later, elect government repre 
sentatives who would take from the rich and give to those 
who elected them. Taxation would be increased and liberty 
would be retracted. In the end, either a modern Napoleon 
would seize control of our government or our nation would be 
plundered and laid waste by barbarians developed within our 


own country by our own institutions 


Such a prediction is disturbing when considered in the 
light of the rapidly spreading philosophy of “something for 
nothing.” People desire security but also the fruits derived 
from risks that others have taken at the expense of security 
people want higher wages, yet they want to do less work; 
they want a higher standard of living. vet thev want t& 
produce less; the farmers demand a higher than market price 
for their produce, which entails subsidizing them. Yes, the 
majority seems to believe, at least subconsciously, that it is 
possible to get more for less or something for nothing. They 
do not seem to realize that we enjoy the highest standard of 
living in the world because our production rate per capita 
of useful products is the highest in the world—not because 
Nor do they 
understand that our security, both individually and collec 


we have legislated it or devalued the dollar 


tively, is dependent upon our ability to produce something 
useful rather than upon any legislation or manipulation of 


our money system. 


Anything which curtails the production rate of useful 
products tends to reduce our standard of living and to affect 
our security adversely. We are familiar with how the 
Egyptian economy was destroyed by building pyramids. Of 
course we are not building pyramids, but some things we 
are doing are less useful and if contimued indefinitely will 


have the same effect 


Perhaps it is wishiul thinking but | cannot believe that the 
American people will continue, to the bitter end, to follow 
others up the blind alley in the construction of modern pyra- 


mids in the pursuit of something for nothing. Surely the 
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American people will soon exercise their good judgment and 
common sense by weighing this philosophy on the balance of 
sound principles. For only a relatively short period can the 
majority reap benefits by actions which violate sound prin- 
ciples. Eventually all the seed corn will have been eaten 


and our children, if not we, will pay for our blunders, 


It is my opinion that the people will eventually “get wise” 
to themselves that strikes are wasteful and a better method 
to settle labor disputes will be established. For obvious rea 
sons, labor leaders and professional poljticians, as well as 
some industrialists have objected to a labor court. | feel that 
the people will eventually come to the conclusion that we 
cannot legislate indefinitely security or prosperity. 1 believe 
that the people will finally learn that they can spend their 
money more intelligently than can the professional politi- 


cians, Thev will then demand a large reduction in taxation, 


Every red-blooded American should always resist any in- 
crease im per capita taxation and any encroachment upon 
personal liberties regardless of how small they may be. So 
cialism can be established by means of increasing per capita 
taxation which, of course, entails retrenchment in personal 
liberty in favor ef the professional politicians. If it were put 


to a vote and you would vote against establishing a socialistic 


government, then you had better give our tax situation some . 


concentrated thought. We are headed in the direction of 
socialism by default 


Chemical engineers need not be convinced that there is no 
such thing as something for nothing. We have been well 
grounded on basic principles. We know that something can- 
not be created out of nothing. Even so, | am amazed at times 
to hear chemical engineers ask, “What will I get out of a 
membership in A.1L.Ch.E.?"” They should be asking, “What 
means does the Institute provide for me to contribute to my 
profession?” Everything we get out of our profession was 
contributed by someone who was not looking for something 
for nothing. Chemical engineers have a responsibility to 
their country to correct the perverted thinking of those fel- 
low-citizens who, at least subconsciously, are looking for 


something for nothing. 


C. G. Kirkbride 
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HIS FLOOR WILL HANDLE 
Both 
ACIDS AND ALKALIES 


A “U. S. Specification Floor” such as shown above and 
sketched at the right will handle both acids and alkalies, 
or acids and alkalies alternately. Strong and weak acids, 
strong and weak alkalies, oils, solvents, cold water, or live 
steam leave it unruffied. It will stand up under heavy 
traffic year after year with negligible maintenance costs. 


Write for your free copy of 
this big 64-page booklet, “How 
to Get the Most Out of Corro- 
sion-Proof Masonry.” Correct 


U ST construction procedure; draw- 
< ings, diagrams, helpful estimat- 


hrion 9, Chéo ing data. Free on request. 
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ENGINEERING AND 


ECONOMIC EVALUATION 


HEMICAL engineers and chemists 
familiar the 
a new chemical development 


are with general 
course of 
from the conception of the idea to the 
final manufacture of the product. After 
an investigation in the laboratory under 
the domain of the research chemist, the 
project emerges and becomes largely the 
responsibility of chemical engineers 
who guide it throug) various stages of 
process development and pilot plant in 
vestigation into plant production. 
Although traditionally the sphere otf 
the 


chemical 


chemists 1s research 
and that ot engi 
is process development and plant 


miterest ot 
laboratory 
neers 
production, research projects that reach 
the 
chemical 
After the 
most 


the production stage are invariably 
effort of 
in their evolution 

work is 


Temam in 


chemists and 
engineers 
complete 


touch 


laboratory 


chemists close with 
their projects until all process develop- 


finished 


ment and pilot work ts and 
plant operation has been proved Like 
wise, the chemical engineers’ contact 
with a project may begin long before 
process development and pilot plant 
work is started. Questions . involving 


engineering practice and economics con- 
stantly arise 


To answer these questions, 
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OF 


. . . Chemical engineers must begin their 


PROJECTS 


evaluation of projects long before they reach 


the pilot plant stage . . . an important step 


in project evaluation comes after laboratory 
work has been initiated or completed and 


chemical are called upon to 
evaluate projects at four more or less 
distinct stages in their development 


The first stage for many projects 1s at 


engineers 


analysis ot 
laboratory 
this 


engineering and economic 
available data betore 
work is attempted. The object of 
analysis is to determine the potentialities 
for further and 


development work, and for eventual ex 


any 


of a project research 
ploitation 

The atter 
some or all of the initially planned lab 


second stage is reached 


oratory work has been completed. At 
this point enorgh information is avail 
able for a 
and for a preliminary analysis of the 
unit operations and processes involved 


satisfactory material balance 


although several may be 
necessary to make up for the data that 


The evaluation completed 


assumptions 


are lacking 
at this stage should provide the basts 
for a decision in regard to the advis 
ibility of going ahead additional! 
laboratory work or with process devel 


with 


opment and pilot plant work 

At the third the 
laboratory, bench scale, and pilot plant 
work has been completed. Where neces 
the material balances have 
proved with larger-sized batches. 


stage program o1! 


been 
Unit 


sary, 
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before pilot plant work begins . . . 


E. C. DYBDAL 


Monsanto Chemical Company 


Dayton, Ohio 


operations and processes have been thor- 


oughly studied and, if possible, all in- 
formation needed for the design of the 
manuiacturing plant has been obtained 
\ firm 


evaluation 


cost estimate and cconomic 


then are made m order to 
learn whether the project is still eco 
nomically sound before the expense of 
the tinal engineering design is incurred 

rhe fourth stage comes after comple 


tion of the detailed plant design At this 


time the cost estimates made previously 
checked from 
the tinal design before the 
manufacturing plant are appropriated 


derived 
funds tor 


are with values 


Why Evaluate Projects? 


Although the same general principles 
ineering analysis 
tour of this 
discussion will be confined to the second 
What is the purpose 
of estimates labora 
tory investigations? How can prelimin- 
ry evaluations and estimates contribute 
to the efhciency of research laboratory 
operations? How do they help to 
shorten the over-all time required to 
move a project from the research lab- 


of eng and economic 


these stares, 


apply to all 


or research stage 


based on research 
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oratory into commercial production? 


How are made and what 


they are the 


problems encountered? These are the 
questions to be considered 
The principal reason for preparing 


engineering and economic evaluations 
of projects at the research stage is to 
detect, as carly as possible, projects that 
are economically 


unsouml or, imprac 


tical. In case two or more processes tor 
the manufacture of a chemical are feas 
thle 


processes is preferred so that the re- 


evaluation must show which of the 


search work can be concentrated on this 
process 
Another object ts to learn, at an early 


date, the engineering and design prob 


lems involved Through circulation of 
the written report on the evaluation 
other chemical engineers and chemists 
may become aware of these problems 


and the combined knowledge of several 
madividuals 
project 


lf the engineering and economic eval 


may be focused on the 


tion shows that the project 1s.an miter 
ing 
tion can be developed 
the 


one, important additional inior 
Major 


cost are 


items 
manutacturing ascet 
methods for 
Additional 


required and its 


ined and reducing them 


ryested that 


Il be 


yoratory 


mtormation 
ie in 
or pilot plant 

An 


te minimum cost for obtaining the re 


bench scale 


rations may be noted approx! 


ired laboratory, bench scale, or pilot 


nt work can be estimated 


The importance of evaluating labor 


ry projects as early as possible should 
tressed further The engineering 
| economic analysts should begin as 


wm) as a reasonably reliable material 
wnee ivailable and the rough de 

ot the processing and purification 

ps are Frequently, research 


sorts are handed to the chemical eng 
pr after a detailed program of labora 
vy work has been completed and the 
watory phase of the work is finished 
When this happens he 

that the project ts 
and that this fact could have been recog 
nized carher 
have been saved or 


channels. If the 


attractive he may find that 


finds, m some 


uneconomical 


Considerable effort might 


directed into other 


project prove to be 
add 


have 


some 


tional imformation needed could 
heen obtained most advantageously be 
fore the work 


The cooperative effort ot the chemical 


laborator, was halted 


engineer and the chemust needed t 
get the most imformation out of the 
laboratory 

From the View pont of the researc! 
chemist, early evaluation of projects at 


the research stage wlerable in 
The 


knowing whether he is wasting 


of con 


portance chemist ts interested in 
time 


on a project that can he shown to be ot 


little imterest to the company no matter 
how ingenious his approach may be. By 
pursuing an active program of engineer- 
ing and economic evaluation along with 
the laboratery work, research chemists 
will be able to handle more projects and 
to devote more of their effort to purely 
chemical investigations 


Analysis of Laboratory Projects 
from Engineering Standpoint 


An engineering evaluation of projects 
at the research 
achieve the following 


stage is designed to 


l. Furnish information for an eco 


nomic analysis of project 


2. Outline unit operations and chem 


ical processes involved in pro 
jected manutacturing operations 
3. Show what additional information 


will be needed to complete design 
ota plant and how obtamable 
lo accomplish these objectives the 
chemical engineer must first obtain basic 
data trom the 
\ form such as the one shown 


laboratory research 
chemust 
in Figure 1 may be used to aid in assem 
bling these data. Use of a form has an 
has 
kind ot 
ata the chemcal engineer will require 
can fill m_ the 


investigation 


chemist 
a tabulation of the 


additional advantage; the 


betore him 


umd he 


information dur 
ing his 

Not all details specified in Figure 1 
need to be available be fore 
started, It 


begin evaluation as 


a preliminary 


evaluation may be” advis 


ible to soon as a 


proved material balance and a brief out 


line of the reaction and purification 
steps are ready. At this point the yields 
may not he too well defined. The actual 


vield obtained is used but it may also be 


desirable to calculate material re 


quirements on the basis of the highest 


raw 


yield visuahzed or on a 100% yield to 
show the effect of an imecreased yield or 
the cost. Many assumptions will be re 


quired at this early stage but these can 
be checked as the laboratory work pro 
gresses it the 


subsequent economic 


evaluation shows that it is worth while 
to do s« 
\iter the 


assembled the 


laboratory data have been 


chemical 


engineer may 

sketch first a detailed flow sheet show 
ing the main items and such auxiliary 


equipment as pumps, conveyors, scales 


storage tanks, and bins. It ts good prac 

r these auxiliary items in 
they 
mall part of the 


tice to allow tk 


preliminary evaluations although 
may account tor only a 
equipment cost 

The next step will be to obtain trom 
number of 


management the pounds a 


vear that may be required and the loca 
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tion of the plant. The chemical engineer 
can then size the various items of equip- 
ment and calculate the quantities of 
steam, electricity, fuel gas or oil, cooling 
and process that will be 
needed, noting at cach step the assump- 
tions made 
equipment 


water, etc., 


In sizing and specifying 
for the various unit opera 
tions and processes, the chemical engi 
neer will usually have to consult fre- 
quently with others in the company, and 
use the chemical engineering literature 
to obtain the best plant layout 

A written description of the projected 
manutacturing unit opera 
tions involved, 
will be re- 


operations, 


and chemical processes 
data that 


quired for process design and how they 


the assumptions 


may be obtained, completes the engineer- 
This will 


hecome part of the report covering both 


ing evaluation information 


the engineering and economic evaluation 
of the project 


Analysis of Laboratory Projects 
from Economic Standpoint 


The 


engmeering aspects ot 


the 
i project serves 


foregoing imvestigation ot 
as the basis for the economic evaluation 
briefly 
these questions 


which designed to answer 


1. How much will it cost to manufac 
ture the product at the 
rate ? 


desired 


2. How much capital will be needed 
for the new venture 


3. What must the selling price be to 


give a satistactory return on total 


capital investment 
The general procedure for preparing 


economic evaluations consists in esti- 


mating the following 


1. Total cost. The 
material balance, flow sheet, equip- 
ment sizes utility require- 
ments developed for the engineer 
ing evaluation serve as the start- 
ing point (Table 1) 


manufacturing 


and 


This in- 
cludes capital for the manufactur 


2. Total capital investment 


ing machinery and equipment 
nonmanufacturing M & E, and 
working capital (Table 4) 

3. Estimation of a selling price. This 
gives a definite return on total 


capital investment after account 
ing for all costs involved, or con 
the that 
realized from selling product at a 
fixed price (Table 5) 


versely, return can be 


Details for these procedures will be 


discussed in the following sections 
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DATA _ON REACTION STEP OR STER6 FROM A TYPICAL RUN 
MATERIAL BALANCE 
MATERIALS IN: 
COMPONENT gms. gm MOLES COMPONENT gms = gm MOLES 


RETENTION TIME — 
% CONVERSION: 

gm MOLES PRODUCT 

gm MOLES REACTANT CHARGED’ 


MATERIALS IN (OR OUT) BY PHASES FOR THE 


gn MOLES COMPONENT gms gm MOLES COMPONENT gms gn MOLES 


MATERIALS OUT: 


CONDITIONS FOR. _____. _ PURIFICATION STEP BULK DENSITIES: (REACTANTS FILTER CAKES, PRODUCT, ETC.) 


OVERALL CONVERSION: (REACTION AND PURIFICATION STEPS) OVERALL YIELD: (REACTION AND PURIFICATION STEPS) 


DESCRIPTION OF PROCESS, BLOCK AND LINE FLOW SHEET, AND ADDITIONAL NOTES — 
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Pig. 1. 
BASIC LABORATORY OR BENCH SCALE DATA 
PHYSICAL AND CHEMICAL PROPERTIES OF — r 
COMPONENT gms. gm MOLES 
MATERIALS OUT: 
REACTION CONDITIONS: 
TEMPERATURE — 
PRESSURE —— 
ES T 
SOLES FEACDNT USED * 00 
EP 
COMPONENT gms gm MOLES COMPONENT gms gm.MOLES COMPONENT gms gm MOLES } 4 
PRINCIPAL PURIFICATION STEPS (WASHING, DISTILLATION, CRYSTALLIZATION, FILTRATION, ETC.) 
MATERIALS IN % 
COMPONENT gms | 
CONTINUE ON OTHER SIDE OF SHEET.) 
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Preparation of Preliminary 
Production Cost Estimates 


Basic prin iples of economic analysis 


to the 


apphed chemical imdustry are 


fully developed by Iyler (//) \ gen 


eral exposition of accounting procedures 


apphed to chemical mdustry has beet 
presented by Sheehan (/0) 
The first step in an economic analysis 


estimation of the manufacturing cost 


oft the product The usual form for 
manutacturing cost estimates ts shown 
n Table 1. When this table ts used for 


preliminary estimate many are 


calculate! by means of mple rate 


which give sufferent accuracy im view ot 


the uncertamties mvolved However 
tor the firm cost estumates made attet 
the proce development and design are 
completed (third and tourt tages of 
development described earhert formu 
las supphed by the accounting depart 
ment are used tor estimating many 
items in Table 1. Values trom a typical 
pr@imimary cost estimate are shown m 
I ec | as examples in the discussion 
of estimating procedures. Taken 


ecutively they 


are 


bags 


taok 


a Year 


TABLE 1 MANUPACTURING COST ESTIMATE 
Product x in (drums 
Production Kate ib. yr. of 6,000 335 days 
apite M & $592,000 
Building, 
Piant Location 
Quantity Unit 
Raw Materials Unit a Year Cost (* 
Sul 


nM 
lhirect Conversion Expense 
man hour 23.1 1.45 
Supervision 
Payr harges 
M it 2 ae 
kwohe 1.90 
essed air M cu ft 
M aft 
“ gal 409.1 22 
M gal 50 os 
aund 


duction Kate-operating Time \ 

plat running full time would be on 

st¥mm tor herve Since plant 

eq@pment has to be shut down periwel 

icapy tor repairs, catalyst changes, hoh 

ot 1 comservative operating time 
processes is 8,000 hr. /yt 


Vachiner) 


and 1 juipment 

—-M & |} means the capital 
| tor the production machmery 
quipment nstalled and ready tor 
teen Capital required tor plant 
nery andl equipment ts ¢ stimated 
ding to the general form shown in 
2. The first requirement is intor 
cnn the price of the ndhividual 
ife nut bered 
obtained 


heer files or may be estumated 


i trom 
published data (2-3, 8, 10-11 
After the delivered pr 


leculedd, cost 


ment 


setting the equ 


u 


prnent 


mated ually runs from 5 to 30¢ 


Table 2 For prelaminary esty 


these 


ited usually as 


the 


items are ileu pet 


centages of either total plant cost 
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ersion Expense 


Depreciation, M & F 

Depreciation, building 

Cor able imdire er eit pense 
Tota 

Hulk mversion cost 

Balk manufacturing cost 


Shipping ipt and hor 
Freight allowar 
Tota 
Teta manufact 4 f 
TABLI MANUFACTURING MACHINERY AND EqQt 


SUMBERED EQUIPMENT LIST 


Mater 


IPMENT 


2.460 


ESTIMAT! 


cars, ete.) 


ewt 


Manufacturing + dings 
Total manufact ee 
Tota! numbered equipment 


4 
Som 
15.95 
14.260 69 
7,25 0.15 
An. 955 
17 700 03 
7,7 
1,750 oo 
1. » 000 18 
on 
240 
"1 
Royalty 
Indirect ¢ 
39.204 7s 
1.4500 
< 
157 
4a 
Packaging and Shipping 
Containers 26.500 Os 
6s 
4 and 
ope 
lab 
mati 
item 
Number 
on item Ne Required Deseriptror Labeor Tor 
me 
eal 
t 
Lge ea of the delivered price tor most of the — 
iterms 15 tau average The sut 
i the delivere: t ot the juipment $108,800 Size 
thre sbor of Total numbered equipment $126.5 
the total number equipment " 25, 00 
‘ 
Table 2 natruments 
In rier t tota alles jations, supperts and fort 
et ates necessary to estimate the cost of pi 
img. wiring, mstrument et in Project overhead and continger 
ites $ 50. 
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or of the delivered equipment cost. Pub- 
lished information on these percentage 
factors has been summarized (&). 

A short method for obtaining the to 
tal installed cost of the machinery and 
equipment consists in taking the sum of 
the delivered cost of these items, adding 
the cost of erecting and setting them in 
place (total 
Table 2) 


A somewhat different factor is used to 


numbered equipment in 


and multiplying by a factor 
get the total cost of the plant including 
the manufacturing buildings. Develop- 
ment of factors for this purpose is dis 
cussed by Lang (7), Harris (4) 
Nelson (8). (Note in Table 2 that the 
ratio of the total M & E to the total 
numbered equipment is 3:1.) For the 
average chemical process where opera- 
with and fluids are 
ducted, the total M & E will usually be 
total numbered 


and 


tions solids con- 
about three times the 
equipment. The estimator may vary the 
factor, possibly along the lines suggested 
by Lang (7), dealing 
with solids, solids-fluids, or fluids. Use 
of factors for obtaining the total in- 
stalled M & E capital is sufficiently ac 
curate for many preliminary estimates. 
will result from their 


for processes 


Greater accuracy 
use than could be obtained by an mex 
perienced estimator. (See Footnote.*) 
Capital—Building. Cost of buildings 


is estimated on the basis of the cubic 
number of 


(14). With 
building costs, a 


volume or of the 
feet of 
inflated 
ind masonry building 


feet of 


square floor area 


present day 
combination steel 
for chemical processing may range trom 
$7.00 to $12.00 /sq.ft. or $0.20 to $0.30 
cu.ft. These prices are for the shell otf 


the building only the building with 


services such as water electricity 

* Since this paper was presented, a valu 
able correlation of process equipment cost 
data has Chilton (2) 
The installed cost of many ttems of process 
equipment, adjusted to ENR index 400 
Installe 


installation 


been published by 


is plotted agaist size or capacity 
includes basic plus 
labor, foundations or supports, installatior 
of auxiliary equipment, insulation, paimting, 
and any piping considered an integral part 
of the equipment. An estimate of the re 
liability of the cost data is given in each 
case 

From the installed cost of equipment, to 
tal plant cost may be obtained as follows 
(1) By adding to the installed cost the sum 
of percentage factors tor process piping, m 
strumentation, outside lines, manufacturing 
buildings, and auxiliary facilities to obtain 
total physical cost. (2) By applying factors 
for engineering and construction costs, con 
tingencies, and size to total physical cost t 
obtain total plant cost 

Total plant cost is then adjusted by mul 
ratio of the prevailing EN/ 
index to the base ENR index of 400 & 
btain the current plant cost 


cost cost 


tiplying the 
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< 
the manufacturers to 


sprinklers, etc., installed, may run 50% 
higher. Approximate costs for various 
kinds of buildings have been summar- 
ized by Nelson (8). 

utili 


Plant Location. Since cost of 


ties: steam, power, and cooling water 
location 


of the projected plant should be stated 


varies throughout the country 


on the manufacturing cost estimate 


sheet 
ai ly 


Rew Materials representative 


prices of most commercially available 
chemicals can be found in Od Paint and 
and 


Drug Reporter or wm Chemical 


Engineering News. For firm production 
cost estimates, the prices listed in these 
journals should be verified by consulting 
make sure that 
they apply to the quality and quantity of 
the individual chemicals required in the 
projected 


manufacturing operations 


Prices for chemicals not listed in the 


journals must be obtained from the 
manutacturers 

\ chemical engineer may obtain, from 
sources within his company, current 
market prices of chemicals the company 
purchases for its manufacturing oper- 
ations as well as interdepartmental or 
divisional transfer prices of chemicals 
produced and consumed within the com 
Such information, of 


pany price 


course, ts not available to individuals 


outside the company 
Credit for 


by-products with 


articular case 
I 


varies 
each Generally, by 
products are credited at their sales price 
minus additional selling, shipping and 
purification costs, if any. By-product 
team and power are credited to show 
the magnitude of these items compared 
vith steam and 


power requirements 


hown under the direct conversion ex 
petise 
Direct Conversion kapense 
Labor 
location of the plant are usually avail 
able 
rates for various grades of 
effect December, 1946 


as follows 


Labor rates at the proposed 


Happel, Aries, and Borns (3) give 
labor im 
These rates are 


$1.65-$2.50/hr 
-$1.25-$1.65/hr 
.$0.85-$1.25/hr 


Leaders and foreman 
Skilled labor 
Unskilled labor 


li approximate wage rates are desired, 


these values may be increased by about 
206 to apply to present-day condition 
Table 


the various classes 


The unit cost of labor shown in 
1 is an average for 
of labor involved 
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To allow for time lost in shutdowns, 
the labor expense should be estimated on 
the basis of 8,500 hr./yr. if the sched- 
uled operation calls for 8,000 hr 

Supervision. An estimate is made of 
the number of hours of supervision re 
quired in normal manufacturing opera 


1 he 
during initial runs with the equipment 


tions extra supervision needed 
is generally charged to starting-up ex 
penses. A supervisor's salary may range 


from $5,000 to $6,500 /year. 


Payroll 


cover such items as social security, va 


Charges. Payroll charges 
cations, pensions, and compensation in- 
surance. They may be estimated as a 
percentage of labor plus supervision 
The usual range is from 12% to 20% 


of the sum of these items 


Steam. Steam requirements are deter- 
mined by taking the total needed for th 
items of equipment in the manufactu 
ing plant and adding the estimat 
amount required for building heat. Vi 
brandt (74) shows how heat requir 
for buildings may be estimated. For 
rough estimate it ts satisfactory to ac 
about 256, of the steam required in t 
manufacturing operations to allow fe 
radiation, line losses and building heal 
The sum of the process steam and builk 
ing heat is multiplied by a factor ran 
ing from 1.25 to 2.0, depending on t 
load 


im order 


steam and nature of the oper 


tions to take care of contm 
encies and losses 
Steam 


$0.90 M tb 


costs range from $0.25 


Electricity. Power requirements 


process equipment and motors are cal 
losses. Thi 
The sum oi 


culated allowing for line 
lighting load is estimated 
these two should be multiplied by a fad 
1.10 to 1.25 to allow 
gencies. Industrial range 
from $0.0035 for locations having cheap 
power to $0.014/kw.hr 
tion and distribution costs are higher 


tor of tor conun’ 


power rates 


where genera 


Fuel. Fuel gas ranges from $0.01 to 
$0.06 /therm. An approximate value for 
fuel oil on a therm basis is $0.06 


Compressed Air. Cost of compressed 
air ranges from $0.03 to $0.10/M cu.it 
depending on pressure and size of the 
compressor required 

Refrige ration Reirigeration costs 
vary widely and depend on a number of 
cooling water 


Because of the 


factors, chiefly, power 


depreciation and repairs 
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and 


installation to 


interdepemlence of these 


their var 


tactors 


trom one 


another it necessary to estimate re 


trigeration costs tor each installation if 


a reliable cost is required 
The following approximate refrigera 


trom «costs for single-stage ammonia 


compression systems are given to show 


m a genera! way how retrigeration 


costs imcrease with decreasing evapora 
tor temperatures tor imetallations of 
10 to SOO toms im size In de 
taken 


cooling 


roughly 
veloping these costs Was 
at SOOL/kw he 


at Sa 


power 
ami 
water M gal 
Sa ts 
for < 
Btw. al 


day 
stracted) 


vaporator 
Temp 


47 


team jet retrigeration is widely used 


cooling water lt steam 


185° F. cool 
tot steam 


he approximately 


or 0 
ormal o 


especially ulvantag 


low pre ure 


and coohng Natet ire iva lable 


ough temperatures below 


re becoming merea ingly come 


hon 


bcrent data have not been published to 


elop approximate t 


prelimimary estumates it is conver 


to meclucde the 


' 
manutacturing M & EF and 
touBharge the 


Of retrigeration 


thre 


power, cooling water, re 


and pertamur 


weration unt under these items 


st. af refrigeration 


plant 


particular location 


Inert 
dioxide, 


(ras irbor 


Nitroget im 
purity 


are most trequently used to provide 


various degrees 


nert 


itmospheres. Commercially mitro 


pure 


gen may be purchased, delivered in 
thre 
cost /100 ou ft 


(1 atm. and 70° | 


trailers. for following Ipproximate 


consumed 
month 
/month 


The 


upon delivery charges 


above costs will vary depending 


Cost of using liquid carbon dioxide 
nes been estimated to be $3.00/100 Ib 
compared with $1.00/100 tb. for inert 
of 3.000 


gas 


gas generated at a rate cu 


by burning natural with 


Weter-cooling. The total quantity of 
cooling water required a year is calcu 
lated and multiplied by a factor of 1.10 
to 1.50 to allow for losses and contin- 

Cooling water costs vary greatly de 
pending on the geographical location, 
water-treating problems, pumping costs, 
etc. If it is necessary to use well water 
the cost may range from $0.02 to $0.25, 
M gal. River and salt water 
usually range from $0.01 to $0.02/M, 
Reclaimed 


ts approximate ly 


costs 


gal tower water 


$0.01 to $0.03/M 


ooling 


ocess. Process water is used 


m chemical reaction ind in w ishing 


extracting, dissoly and similar proc 


oper ith isa) 11h ludes ite 
w drinking ul 


ind " 


itary 


renera lean-t nd washing 
list ate vould 


itter requirement 


generally within the range 


$0.25/M ga Cast deionizing 


is compared witl cost of di 


by Komimek (6) 


KNepairs For preliminary estimates 


repairs can be taken as a percentage ot 
the installed plant machinery and equip 


t. Repair charges range from 


of the machinery and equip 
ment cost 


\ consideration of the typ 


ot equipment and operations imnve ved 


will how 
hould bx 
pairs 


their 


whether repair charge 


high, low or average Re 


on buildings may be about 5 of 
Methods ot 


ind a 


cost handling repair 


charges are reviewed new method 


proposed by Pierce (9 
Thus 


as lubricants 


Supplies category m 
such 


test 


cludes ttems janitor 
gaskets 


inv ot 


upplr chemn als 


et 


rags 


paint Unless demands for 


these items are 
10% 


ind equipment cost will be adequate 


excessively high, from 


( to ot the plant machinery 


( lothing and Laundry. An allowance 
ot one dollar a week for each man en 
labor, including 


toremen, will be sufficient for average 


gaged in operating 
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operations. Special requirements may 
call for a somewhat higher allowance 


Laboratory. An estimate is made oi 
the amount of analytical work that may 
be required and the time needed to com 
plete this work 
an analyst for the time required plus 
100% for overhead will be a satisfac 
tory charge in a preliminary estimate 


Ihe average salary of 


Royalty. If it is known that the prov 
ess is wholly or partly covered by exist 
ing patents some idea of the probable 
royalty payments will have to be ob 
tained from the responsible authorities 
in the company 


Indirect Conversion Expense 


Depreciation, M & E. Depreciation 
rates are fixed by the Bureau of Internal 
Revenue. For preliminary estimates a 
rate equal to 10% of the machinery and 
equipment may be This is some 
what higher than the actual average de 


used 
preciation rates 
Building 


tated at the 
3°; of the installed cost 


ciation Buildings 


cle pre 


rate ot ap 


proximately 


leu of actual tax 
taken at 2% of 
the 
and buildings for pre 
estimates 


i axes In rates 
the in 


production machin 


taxe may be 
stalled cost of 
ery, equipment 
liminary 
Insurance ipproximate rate tor 
the total 


machinery, 


msurance is ot 
the 


cost of 


production equipment 


and buildings. Insurance and taxes are 


sometimes grouped as noncontrollable 


indirect conversion expenses 


Controllable Indirect Conversion 


pense. The controllable mdirect conver 


sion expenses include items of factory 


office and general plant expense such as 
facilities, watchmen 


employee service 


dispensary, employment office, cafeteria 
yard expense and maintenance, purchas 
ing tra fhe To 


mate iten specific 


and 
this 


expenses, etc esti 
accurately 


the 


tor 
mulas applicable to plant location 
must be obtained from the accounting 
department 

For preliminary estimates, the con 
trollable indirect conversion expense can 
be approximated by either (1) 40% 
60% of the direct labor, and (2) 15% 
30% of the direct conversion expense 
Which of the two procedures will be 
used in a particular case depends upon 
the judgment of the estimator. 

Bulk Conversion Cost. The bulk con 
version cost is the sum of the direct and 
indirect conversion expenses. 


air 1) 
0 
17 gal 
isBaken at $0.25/M Ib. a 
wil 
2 
steam 
ae e \here cheap is Fresh water, treated or untreated well 
: 
en, The cost of process water is 
Ad 
‘ 
4 
| 
— 0.85 
1950 


Bulk Manufacturing Cost. The net 
raw material cost plus bulk conversion 
cost ts equal to bulk manufacturing cost. 
The bulk manufacturing cost is the cost 
of the end product in storage bins or 
tanks 

Packaging and Shipping. It is neces- 
sary to add the cost of packaging and 
shipping the product if it is desired to 
develop an f.0.b. cost. 

Contamers. Containers mean tank 
cars, steel drums and cans, bags, boxes, 
fiber drums and glass vessels. Cost of 
containers may be secured locally from 
distributors selling 
them 


and establishments 


lank car rentals are included in this 
item. In general, tank car rental rates 
fall within the range $40 to $150, a car 
A car carrying sulfuric acid 
$56 


a month 


would lease for about while one 


transporting chlorine would have a 


rental of $150 a 


such as those made from solid stainless 


month. Special cars 
steel with special fittings may rent for 
new 
tank car costing $10,000 would rent for 


$140 to $150 a 


as much as $250 a car a month 


month tor a minimum 


period of five to seven vear 


Labor. Packing 
cludes labor involved in transferring the 


Packing labor in- 
product from bulk storage to shipping 
contamers 

Shipping and Labor. This 
item includes the miscellaneous supplies 


Supplies 


hecessary tor wrapping sealing and ad 


dressing containers and the labor of 
loading cars or trucks 
Freight Allowances. Most products 


are sold t.o.b. the manufacturing plant 
If the product is to be delivered to one 
or more locations for a given price, Le 
freight to be paid by the manufacturer 
to the point of destination, then the cost 
of freight must be included with manu- 
facturing and shipping costs 

Freight rates must be obtained for 
each product since they depend on sev 
eral factors including distance traveled, 
nature of the product, hazards in hand 
ling, and value of the commodity. 


Total Manufacturing Cost, f.0.b. This 


is the total cost of manufacturing and 


TABLE 3 


Total manufacturing cost, centa/Ib 

Total fixed plus working capital 

Assumed selling price, cents/Ib. 

New earnings, dollars ..... 
Annual return, after taxes. on total fixed plus 
working capital 
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delivering the product to the point desig- 
nated. 


Interpretation of Manufacturing 
Cost Estimate 


An analysis of the bulk manuiactur 
ing (Table 1) 
that only costs entering into actual pro 
duction are taken into account. Ob 
viously, other important costs such as 
selling and research expenses, income 
taxes, and a return on the total capital 
investment have not yet been considered. 

In spite of the fact that the manufac- 
turing cost estimate is an incomplete 


cost estimate will show 


picture of the project, preliminary eco 
stopped 
Competing processes have been 


nomic have often 
there 


compared merely on the basis of their 


evaluations 


manufacturing cost estimates. Experi 
ence has shown that this procedure fre 
quently leads to inaccurate conclusions 
about the economic possibilities of a 
project that are not discovered until a 
detailed analysis is made at a later date 
aml after a considerable sum of money 
has been spent 

In Table 3 two processes for the man 
utacture of a chemical are compared on 
the basis of their manufacturing cost 
It will be that 


process A has the advantage of a lower 


and selling price. seen 


production cost by approximately 2 
However, when the capital re 
quirements fully 
evaluated and a selling price is devel 
The 


product made according to this process 


cents /Ib 


and other costs are 


oped, process B has the advantage 


will yield a higher return on a total in- 
vestment and it can be sold 0.7 cents /Ib 
less to give the same return as obtained 
Via process A. Process B also has the 
advantage that it requires only about 
one-half the total capital investment of 
process 4 

Kinckiner (5) shows the importance 
of considering the investment in non 
manutacturing and working capital 
along with the manufacturing capital 
He cites three cases in which the return, 
based on the manufacturing capital only, 
is 20% However, when 
the nonmanufacturing 
capital is added to each, the return on 
the total investment drops from a uni 
form 20% to 16, 10, and 7% respectively 
for the three cases. In the latter two 
cases the decidedly lower return on the 
total investment compared with the 20% 


in each case 


and working 


TOTAL MANUFACTURING OOST VS. SELLING PRICE 


Process A Process B 
184 20.3 
$5,837,000 2,708,000 
25.7 25.0 5.7 
586.000 272,900 351,000 
10.0% 10.1% 13.0 
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return on the manufacturing capital only 
is due to the greater share of total in 
vestment required for nonmanutactur 
ing and working capital 

It is necessary, therefore, to estimate, 
in the preliminary evaluation at the re- 
search stage, all the costs that will be 
incurred in bringing the product to the 
ultimate consumer. In the following two 
sections the procedure for estimating 
these costs and for developing a selling 
price will be discussed. The first step 
is the estimation of the total capital re- 
quirements. The capital for M & E and 
manufacturing buildings already esti- 
mated is a part of this total 


Estimation of Capital 
Requirements 


The total capital investment is made 
up of two kinds of capital: fixed capital 
and working capital. Fixed capital re- 
fers to the capital invested in the perma 
nent manufacturing and nonmanufac 
turing facilities directly connected with 
Working 


capital required for 


the production of the material 
capital is the “fluid 
the the 
items that make up the fixed and work 
ing capital are shown in Table 4. These 


conduct of business. Various 


items will be discussed in order as fol 


lows 
Fixed ( apital 


Land 
pied by the 


Land includes the space occu 
manufacturing buildings, 
roads, railroad sidings, etc 
It means land with improvements. If nol 
value for the land to be occupied is} 
available, $5,000 /acre may be 


warehouses, 


ased in 


preliminary estimates 


Buildings. The term “buildings” is 
ordinarily reserved for the buildings di 


rectly connected with the manufacturing 
operations 
are required for nonmanufacturing or 
service operations they are included. 

Methels for estimating building costs 
were discussed under the preparation of 
production cost estimates 


Manufacturing M & FE. The manu- 
facturing M & E is the capital devoted 
exclusively to the manufacturing ma- 
chinery and equipment. Estimation of 
this item was summarized in Table 2. 


Nonmanufacturing M & E. The non- 
manufacturing or service M & E is the 
capital devoted to the plant functions 
which serve the direct manufacturing 
operations. Nonmanufacturing M & E 
items include installations for genera- 
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However, if new buildings 7 


tion or distribution of utilities (steam majority of 


cases will be within this 
electricity water, air, gas) shops 


range, this rule should be applied cau 
warchouses, and transportation facil thousthy 
tre employ and office facilities: re 
earch ind control laboratorie amd il orking apitai 
niscellaneous items such as fence 

ron roads, yard lighting and | Naw Material Inventor The 


phones iw ft t tal that needs to he 


lf a plant is to be built in a nm “ 


inventory will vary with each 


tion where none of these items of set \ ’ } For a preliminary est 


M & FE is available. the nonmanufactur mont! iw material inven 
ing M & | required must be estimated issumed 
mothe me manner as the iten ot 


manutacturing M & he plant 


acklition 


md Finished Goods lnven 
tig manutactur ny preliminary estimates im 
emt therse if no may be taken at the raw 
nanutacturing M & ne tal cost plus 


ible must be estin ited and re | Onny mM st 


new nonmanutacturing M & | ry may t 


one-half the normal 
Ww ished inven 
« taken it one week's produc 
umd priced at the manutacturing 
Ceeneral Sere: i 
Rory applies to the proportionate 


of the existing in tallatwor of 1 (thers. Capital ts requireal to cover 
Manutacturing M & E which will be credit extended to customer according 


Hlized by the new manufactu ing to the terms of the sale. The terms are 


Most) = manufacturing plants usually based on thirty days and capital 


equivalent to one month's production at 
mg operation however tothe cost mav be reserved 


mutacturing plant is to be located Additional cash is required to pay 
here no other manutacturimng . wages and salaries and to purchase raw 


ire im existence, the general se materials ane pay tor other operating 
¢ tacihties items will not apply expenses. Cash equal to the value « ! one 


\ccounting department develop their mont! production at cost ordinarily 


ating the proportion will be sufficient for this 
nonmanutacturing fa provicte 
Os manutacturing 


Selling Price and Return on 
Capital Investment 


is cost of 


ration, and sel 


ny 
State income tane 


return total 
S100 ¢ hour 
rag ‘ w bh 
the 


kw 


lr selling price is calculate: 


to give a certam rate of returr on tl 


fot 
ur 
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Assumed Selling Price A selling 
price is first assumed and the capital 
return is then obtained on the basis of 
meome derived from sales at this price 
by following the steps in Table 5. A 
trial-and-error procedure may be used to 
determine a selling price to give a defin 
ite return, say 10%, on the total capital 
mvestment. If three or more selling 
prices are assumed and the correspond 
ing return on capital investment calcu 
lated in each case, a plot ot sell ng price 
versus return on investment can be pre 
pared. The selling price at the desired 
rate of return may then be read from 
this plot. The estimator may also de 
velop his own formula or procedure for 
cal é w a det 
nite return on investment 

“pace 1s allotted w Table 5 for twe 
assumed selling prices to give, respec 
tively, two desired annual rates of re 


turn on the capital investment 


Received from Annual Sales. Net 
rhis is the sum realized from the sale 
oft the total annual production of the 
product at the selling price assumed, less 
discounts for cash, if any 


Deduct {Innual Production st 
Total annual manufacturing cost (de 
veloped in Table 1), including packag 
ing and shipping costs, and freight al 
lowances, if any, is subtracted from the 


net annual sales to give the gross profit 


ve CAPO TT 
ind expense t the 

he company and to general expen 

nected with company administrat 
such as legal fee auditing fees, et 

hese EX Petises lumped together, 1 
he estimated by taking a percentage 

net annual sales. From 5 to 156 
t the net annual sales of the product 
ordinarily will take care of these ex 
penses, the higher figure prevailing 
where the research budget and selling 
expenses are relatively hig! These « 
penses subtracted from the gross profit 
give the net profit. The net profit or 
operating profit is the income earne 


betore income taxes are deducted 


present federal meor 
t corporate ww 


(3 W 


‘ 
a 
t 
Parts 
hare « 
AY 
Bred by the two require 
nual sales my 
tee! bel ts offered that those w Deduct Other kixpens Se 
‘ 
ur an) estiniate ¢ ites those connecte vith the selling, re 
it anner Pee earc! ind) achmimistrative functions 
Phe utility of act ured for the estima- 
i \ overhead for all technical personnel et 
cal ive ect ley } 
thre gaged m research an development 
tah to Sit ; tear 
t ne hour urs 
our under average operat Other expenses not already a 
Care 
eneratun lah ederal and 
. ith tacthtres i 
| 
: 
tal Cay ‘ Vestmet im! takes mts 
od 
4 clements of cost to the n nu 
u iry t the procedure tor est 
tact n M & E, « 
ca g selling price and returr t 
‘ ‘ rate wwe 
MA t omes 
re than $50,000 
February, 1950 


TABLE 4 
Product x 


Fixed ( apit 


Working Capita 
material inventory 


finished goods inventor 


Received 

lied 
Gros 

Dedu 


red 


thev are 


apply 
of the 


approx! 
mately net corporate 


New / 
tained by y come 


taxes 


from the 


represent the 


stim «of mm le ms been earned by 
the stn 1 pital amd 
labor rial the product ay 


consi 


nual return on ¢ ipital 

pressed ona percentage basts 
fit and new earnings are shown as per 
centages of the fixed capital and of the 
total fixed plus working capital required 
Table 5 
annual return 
This has 


much the 


Provision has been made im 


wr calculation of the 


based on two selling prices 


been done to show how selling 


price must be mereased to give a certam 
innual capital return. | 


Table 5 


mecrease im the 


the example im selling price 
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ESTIMATED CAPITAL KEQUIREMENTS 


Pounds « 


ANT RETURN ON CAPIT 


earnings (#9 


t $0.506/1b. sellin 


New 


were returns of 10% 


total capital investment 


estimated to give 
nd 20°) om the 
based on new earnings 

The 


by 1 


actual return that will be required 


magement tor a given manutactur 


ing operation depends upon a number ot 
factors and cannot be predicted at the 
Pheretore 


research stage selling 


price may be calculated to give an aver 


age rate of return in one case and a 


considerably higher rate in the second 


case 


Report on Engineering and 
Economic Evaluations 


\ report should be writter 


presenting 
pertinent facts and conclusions reac hed 
distributed to all who are 


the 


and those 
likely 


project 


Since the 


to have any connection with 


evaluation based on sev 


eral assumptions may reflect the pet 
sonal judgment and bias of the chemical 
engineer preparing it all assumptions 
and supporting experimental data should 


he clearly stated 
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TABLE 6 OUTLINE OF KEPORT 


Introduction 
Summary 
4 Kecommendations 
Basic Date and Assumptions 
Description of the 
Line Flow 


Projected Process 
Sheet 


ion Cost Petimate and Notes 


hotimated Capital Requirements 


Eetimated Selling I’rice and Return on 
Inve nt 
of the 
Work 


Additional 
Minimum Cost 


Amount of 
Required and Its 


\n outline for a report on evaluations 
at the 
lable 6 


research stage is suggested in 


The items are 


Introduction 
Summary 
om lusior 


Recommendations 


The tirst 
to most 


four headings are common 


reports and have their usual 


meaning 
5. Basic Data and Assumptions. La 

boratory data which have been the basis 

for the evaluation are summarized to 


gether with all assumptions made 


6. Description of Projected T’rocess 
Block am Sheet 
process of manufacture being proposed 
is the result is described. A block and 
flow with the 


deset iption 


Lame 


line sheet is meluded 


7. Production ( ost 
Fable 1, the 
cost 


Estimate and 
detailed 


estimate, 1s 


manutac 


turing included with 


notes on the derivation of some of the 


items 


/stimated 
lable 4 


ment needed, is 


Capital Requirements 
summarizing the capital invest 
shown. Sometimes it i 
necessary to distinguish between the new 
required for the 


manutacturing 


capital purchase oft 


and nonmanutacturing 


machinery and equipment, and capital 


already existing in items of equipment 


that are definitely known to be availabl 
ior manufacture of the new product 

9. Estimated Selling Price and Re 
Table 5 


two selling prices to give 


turn on Investment showing 
Tespec tively 
two return on the 


rates of capital m 


vestment is incorporated im the report 


Minimum 
the 


bench 


10. stimate f Amount of 
tional Work Required and Its 
( ost An 


amount of 


estimate is made of 


additional laboratory 
needed to 
This ts 


with the 


scale work 


and pilot plant 
supply the missing mformation 


done ordinarily m= connection 


engineering evaluation of the project 


Land 7.000 
Huildings 50.000 
Manufacturing M & 92.008 
Nenmanufacturing M } 
General service fa Lies q 
Stean 32.000 
Others 117.700 
20.10 
(nhers 240,008 : 
Total working capita es26.1 
Total fixed plu orking capita 
3 
Product 
4 
Annual sales ou 
annual prod tien st 1,047,000 1.04700 
ther expenses, “ dministrative et 162.5 
Net profit before taxes 145.5 500 
neome and excess profit taxes iia 
Total fixed capita 604 90 
Total fixed plas rking capita 593,400 130,40 
At $0271 th. selling price 
Net profit (8145, 504 New 
(om total fixed capita a4 1 
On tote working capita 16 
A pr 
Net profit (8200500) earnings (8145.5 ) 
ont fixed rhing capita 20 
= 
fetal Fixed Plus Working Capit 
From Table 4 
Return on Capital, The an 
= 


From the 


these 
timate of the 


to obtain the data 


extent ot requirements, 


a rough minimum cost 


an be prepared 


Short Cuts in Estimating 


lhe chemical 
ished to 


por thon 


enginecr is 
€ k 


pre beable 


Tree ue ntly 


give a hor estimate otf 


cost and 


selling 


price ot a chemical. The quick estimate 


is required when it is necessary to make 


a rough evaluation of a suggestion be 


tore any turther consideration ts 
given, when tome ts too short, or wher 
there are imsufficrent data tor the longer 


procedure however, the ce 


possible 


tatled evaluation should be made because 
mtormation om addition to the manufac 
turing cost and approximate elling 


price may be derived from a more thor 
ough 

In general, a chennecal engmeer mak 
preiiminary will che velop 
owt vetem of short cut lle may 
i r example, correlate conversion cost 


perwxl of time, wath the 


4 ml amd number of 


unit operations and 


fannbharitvy with 


may pernut thin te 


curate precietions on the cost of 


operation 


There appears to be no substitute for 
Bx perience " facilitv om the 
at ort ut The follow ing pre 
Beclure uggested for those who are 


inexperrenced yet wrsl 


per pretimmary m 


to pre 


mutacturing 


From the material halanee lete renin 


raw material requirement onl annua 


the rate at which the preo«luct 
t be produced aml determone 
wt sive amd cost mportant 
se equipment b a tac 
t t total capita 
tow the anutacturing ma 
‘ and ent talled Us 
thi t t bet t apetta 
coded manulacterme operations 
t T Make art est 
' pr 


he estimates bw the omewhat al 


plus the items in production cost est: 
mated trom labor bill 


Multiply capital required for machin 
ery and equipment (Item 2, above) by 
a factor of 0.202 to obtam annual cost 


of fixed charges plus repairs 


4% Multiply building cost by 0.052 to ob 
tam 


fixed charges commectes 


with use of burldings 


thet 


tal annual manulacturing cost 


btamed by adding 


a Annual till for raw materials 


Annual utilities bill 


‘ \nnual laboratory (lten 


expense 


d Item 7 
Item & 


Item 9 


When the procedure outlined in Iten 


(10), above, ts ipphed to the ex ample nm 


Table 1, using the capital for machinery 


equipment, and buildings, the annual 


raw materials cost, etc., the tollowing 
total annual manutacturing cost 1s ob 
tamed 
a $792,400 
b 56.590 
000 
d 72,100 
‘ 79,200 
i 2040 
$1,005,950 
$1.006,000 
120 
$0201 
Th cost’ compares with annual bulk 


manutacturmmg cost of $1,013,900. equiv 
ilent to $0.203/tb., obtained by the ce 
lable 1 


procedure 


tatled procedure im 


The shorter outhned will 


he accurate enough for test 


estimates The accuracy may be 


increased in some cases by the adjust 


ment ot the Items (7), OR) 


know? 


hich may chang the 


factors 


und «9%). when it is that special 


combtions apply w 


tactors appreciably 


\ usetul rule for estimating the cost 
ofan item of equipment of a given size 
trom the known cost of the same iten 


Pent! 
Wilhams (75 
complete 


Factor discussed by 


ngs and 


[he selling price is difficult to est 
ite bw any short-cut rule Relative 
t nonmanufacturing M & | 
ml working capital compared with the 


manutacturme M & | an other tac 


known 


tors As we be 
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nection with the development of itor 
mation in Tables 4 and 5 


Conclusions 


research 


With the 


and process development work leading 


mcreasmg cost ot 
to the commercial production ot chem 
icals it has become imperative that the 
engineering problems to be encountered 


and the economic possibilities of a re 


search project le understood early 
Management must know as soon as 
possible (a) how much it may cost to 


manufacture the product at the desired 
(b) 


new capital may be required, (c) 


wmnual production rate hew much 
what 
net annual return might be realized fron 
the capital invested at the selling price 
(d) if the 


inalysis shows that the project ts an at 


visualized, and foregoing 


one, the probable amount oft 


tractive 
process development work mvolved and 


the possible cost of this work 
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OXYGEN-ENRICHED AIR 


THERMODYNAMIC ANALYSES OF PROCESSES FOR 


ITS MANUFACTURE 


HARDING BLISS 


Yale University, New Haven, Connecticut 


Processes for the manufacture of enriched air of 30, 40, and 50% O, 
content by rectification of atmospheric air are considered. Minimum 
energy requirements for reversible separation are shown to be 0.174, 
0.320, and 0.447 hp. hr. Ib. mole of oxygen contained in the enriched air 
product for the three cases above. These are approximately half the 
energy requirements for the dilution of reversibly produced pure oxygen 


to the above compositions. 


When practical processes are considered, the vital importance of the 
distilling column is pointed out, and the Linde double column is studied 
with particular regard to the maximum amount of extra atmospheric 
pressure air which may be provided to utilize the extra reflux available 


in the upper part of this column. 


Enthalpy-concentration tables at 


30, 40, 50, 60, and 70 lb. /sq.in.abs. are developed for this purpose. 


Three different processes, all with external purification, are analyzed: 
the cascade without extra air, a low pressure expander process without 
extra air, and the same with the maximum possible extra air. The last 
is, of course, the best and leads to the following energy requirements 


for practical conditions: 
30% 
40% 
50% 


0.06 hp. hr. ‘Ib. O, (1.92 mole) 
0.071 hp. hr. ‘Ib. O, (2.28/ mole) 
0.083 hp. hr. Ib. O. (2.66/ mole) 


These correspond to low efficiencies (based on reversible separation), 
and the efficiencies fall as the oxygen contents fall. 


UCH 


years 


recent 
and 
its great potentialities for many new de 
Most of the emphasis has 


95) of 


has been written i 


about tonnage oxygen 
velopments 


heen put on a greater oxygen 
content, but many attractive applications 
do not require such purity. For example 
n the steel industry, air enriched to only 
26, OQ appears to have much promise 
manufacture and 


Os 


and m sulfuric acid 
metallurgy 30 to 
These and 
potential uses of oxygen are thoroughly 


Downs and Rushton (7) 


nonterrows 


would be of value other 


‘ onside red by 


Oxvgen-enriched air may be made in 
but the atten 
1} 


tion of this work will be directed to only 


a variety of wavs entire 


those processes which depend on low 


temperature rectification of ait Even 


with this limitation two alternatives 


exist: one to make ngh purity oxygen 


and dilute it with air to the desired com 


and the other to rectify in the 


position 


column only to the desired oxvgen con 
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tent The first of these needs no further 
examination here 
estimated 


sults of others already 


since energy require 
the re 
The 
second will be the principal subject of 
this study. It is 
that the dilution method will 
considerably smaller amount of material 
to be handled at the 
and this is an advantage for this method 
On the 
ment, based on purely reversible separa 


ments may he trom 


avatiable 
immediately obvious 
mvolve a 


low temperature 


other hand the energy require 
tion, is appreciably lower for the direct 
process. Ii the comparative advantage 
of the direct process in energy require 
ment could be shown to be capable ot 
practical attainment, this advantage is 
probably great enough to offset the dis 
advantage of handling more material in 
the low temperature part of the system 
It may be noted that some writers (J, 9 
13) state that the 
better, but these 


complete that it is by no means certain 


dilution method is 


statements are so i 
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that all factors have been considered 
Details of the distillation column which 
must be operated at nearly the minimum 
reflux for low energy requirements are 
particularly lacking 

Oxygen-enriched air is not a definite 
term because of the variation in possible 
oxygen contents, and im order to facil 
tate comparisons attention will be lin 
ited to 30, 40, and 50 Oy. Methods t 
be described are, of course, applicable t 
any desired composition 

In a recent paper Bliss and Dodge (2 
thermo 


reported results of extensive 


dynamic analyses of processes for the 
manufacture of essentially pure oxygen 
and the same viewpoint will be main 
tained in this paper. These methods lea 


to much information about operating 


pressures, energy and 
distillation facilities 


do not lead to specihcations of equip 


requirements, 
necessary hut they 
ment sizes 

It is therefore the purpose of this 
paper to present methods for and results 
of thermodynamic analyses of processes 
for the manufacture of 30, 40, and 50° 
( ey by rectification of air and to compare 
their energy requirements with those to 
be expected with the dilution of high 


purity oxygen to these Compositions 


Conditions, Assumptions, and 
Properties 


Many 
used by 


conditions and 


Bliss 


assumptions 


aml Dodge (2) will be 


used here Theirs and others are 
summarized thus 
and 79% 


N,. free of argon, carbon dioxide 


Pure air contaming 21% O, 
water 
and hydrocarbons will be assumed as the 
raw material, purification is ex 
The neglect of argon is certainly 
the 


number of plates m an actual distillation 


ternal 


minor except in the calculation of 


column, a problem not here considered 


Compressors will be assumed to be 
73 efherent based on 


pression ot 


isentropic cot 


in ideal gas, and « xpanders 


Page 67 


an 
all 
a 
| 


will be assumed to be 806) efficient based 


on tentropic expansion of the real yas 


being handled 
Pressure drops due to friction will be 
newlected exc ept m certam low pressure 


case vhen 


a drop of 5 tb 


“| m 
assumed 
Initial temperature is 80° F. in all 
cases 
Initial pressure is a 


variable of con 


siderable importance which will be dis 
detail later There 


which are 


cussed mm more are 


certain values 


distillation 


treated! om the section to tol 
low 


Minin 


proacthe ill he 3° 


terminal temperature ap 
In certain cases 
particularly the exchange of latent with 
ensible leat t ts 


tix the 


often impossible to 


terminal temperature approaches 


since the minimum approach will be 


within the exe hanger and in these cases 
the ftwures here are relaxed Only a 
finite temperature difference of the right 
rection to assure the proper direction 


required im these Cases 
of expander intake is a 

process« treated 
ml the tt 


traction of gas expanded 1 


Demperature 


itiable for the 


he re 


also 


variable, nearly always dependent 
Vurity of the product nitrogen is 
Tis n all the cases here considered 
Hleat leak has been assumed to be 28 
tu./mole of aur treated 
Thermodynamic properties were read 
m the chart amd table oft Wiliams 
14) and Lobo for aw and Millar 
wl Suliwan (72) and Lobo (70) for 
Aveen and nitrogen Thee vapor liquid 
juilibirwn data of Dodge and Dunbar 


oncentration m 
ind Lobo 
New enthalpy concentration 
sed bel 4 


ructed tor work 


of Ruhemann 


were 


Classification of Processes 


work of Bliss and Dodge (2) 
thed 


Im the 


were clas vecording to 


the manner of accomplishing retrigera 


loule- Thomson ettect only 

2. Joule-Thomson effect plus aux:l 
mary hqund-vapor refrigeration at 
moderately hieh ter perature levels 
relative to that ot air 

Joule-Thomson effect plus ap 


proximately reversible expansion 
an 


4 Retr 


t upproximately 


or products moan expander 


geration essentially due only 


reversible ex 


pansions of auxthary fluid or fuids 


such as helium through expanders 
Cascade processes 
Retriveration essentially due only 
to approximately reversible expan 
rom of air products m an ex 


TABLE 1 MINIMUM WORK REQUIRE 
MENTS FOR KEVERSIBLE SEPARATION 
oF AIR NTO GABEOUS NITROGEN AND 
OXYGEN ENRICHED AIR 
Ambient Temperaterces, 300° K 
Mole W. hp br 
Fraction ; Mole th Mole 
of Oxygen Fractior Pure Oxy 
in Eariched of Oxyger gen in En 
Air Waeete riched Air 
0 ‘ 
oa 
07 0 
leo 0 
001 152 
‘ 
i 408 
7 1 


In the case of enriched air. however 


and 


where 


low energy requirement ts 
of primary = interest processe | 
am! 4 must be excluded because thev 
were lacking m promise tor pure 
oxygen. Process 2 is not possible here 


because the pressures are so low that the 
heat « ipacities of imcoming arr and re 


turning oxygen and nitrogen are very 


nearly the same. Process 3 is practically 


indistinguishable from process 6 at these 


low pressures. Only numbers 5 and 6 
ire left, and all attention in this work 
will be directed to them 


Bliss and Dexige (2) used the charac 


ter | to denote liquid oxygen processes 
uml Il to designate gaseous ones. Here 
IT] will be used for enriched air with 
sub equent letters to denote a spectal 


ubcase of process Sor 6 


Theoretically Minimum Energy 


Requirements 
As Bliss and Dodge (2) have shown 
the minimum energy requirement for 
reversible separation may be coniputed 


by the equation 


it AH Toss 


log ry + (1 —a 


low (1 + M log 
+ «1 r,) log (1 Vs 
log 0.21 + 0.79 log 0.79) 
il 
m which M,, WM und M, are the moles 
oft air, enriched-air product, and nitro 
gen product and x, and ry are the oxy 
gen contents of the enriched air and 
nitrogen products. It was there shown 


that 1f a, or ry become 0 or 1 in the 


ihove equation the term containing this 
value vanishes. Figures for the three 
und tor a 


l ible 


These hwgures will be used as hases for 


cases to be considered few 


others are shown in 
efficiency figures to be computed later 
Simple material balances will show that 
higures mm Table | would 
0.393, 0.621, and 0.758 hp. hr 

Ib. mole for the dilution process, that is 
for the 


pure 


the first three 


become 


dilution of reversibly produced 


oxygen. These figures are clearly 
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in the neighborhood of twice those for 
the direct process, so the theoretical ad 
vantage of the direct process from at 
energy requirement standpoint is ap 
Whether this theoretical advan 
tage can be practically attained remains 


to be seen 


parent 


Enthalpy-Concentration Diagrams 

Since enriched-air processes may be 
for 
manutacture of pure oxygen it ts neces 


operated at pressures below those 
sary to have enthalpy-concentration dia 
atm. at 
pressures such information was already 


gram between 1 and 5 which 


According!y several new 
diagrams have been prepared for 30, 40, 
50, 60. and 70 Ib 


desirable to have such diagrams tor even 


sq.in. abs. It would be 
closer pressure intervals, but these were 
sufhicrent tor The 


one 


the cases considered 
method of construction tor any 
pressure ts delineated below 

Values of the enthalpies of saturated 
vapor and liquid oxygen and nitrogen 
interpolated from the data of 
Millar and Sullivan and plotted as ter 
the desired dia 


were 
minal points on 
gram 
Values of the enthalpies of super 
heated nitrogen and oxygen up to 150 


kK 


source and plotted 


from the 
Straight 


‘re determined 


lines as 
suming no heat of mixing im the super 
heated region) were drawn between the 
pure oxygen and nitrogen points at the 
same temperature. It was observed that 
the slopes of these isothermal lines were 


dependent on temperature and im fact 
that the change in slope per degree 
Kelvin was approximately constant 
This observation made it possible to 


construct these straight lines for tem- 


peratures at which nitrogen was still a 
superheated vapor but at whicl 


could 


oxygen 
that is the 
determined by the mitrogen 
terminus and the slope rather than the 
the 


latter cannot be determined in this range 


not exist as a vapor 


lines were 


nitrogen and oxygen termini since 


These lines actually represent physical 


reality only in that range of + between 


pure nitrogen and the saturated vapor 
line. The pressure of the diagram and 
the temperature of the line of course 


define the dew-point composition which 
the Kellogg Charts (/0) 
This composition is then a pomt on the 


is given in 


saturated vapor line. A such 


they 


series of 
and 
were then connected to establish the sat 


was thus determined 
urated vapor line 

Ihe saturated liquid line was located 
by subtracting latent heat of vaporiza 
tion at constant composition trom en- 
thalpy on the saturated vapor line. La 
tent heats Latent 
heats of air nitrogen tor 


if 14.7 to 75 


were determined as 


oxygen and 


pressures within the range « 
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ae 
A 
Maree 
— 
‘ 
a 
{ 
a 
i 
' 
Bon as follow 
= 


Ib. /sq.in.abs., were determined by inter- 
polation of results of Williams (1/4) and 
Millar and Sullivan (77) 
then plotted vs. pressure 


These 
tor the 
compositions and a straight line drawn 
between 14.7 and 75 Ib 
ot 
composition and the deviations of the in 


were 
three 


abs Slopes 
these straight lines were plotted vs. 
terpolated latent heats 
ght at the 
also plotted vs composition tor the 
three cases oxygen and nitrogen 
Ase plot of Dana's (4) data on the 
heat of 
pressure 


irom these 


str: lines desired pressure 


air 


vaporization at atmospheric 


vs. composition was made. 
data it 
the latent 
at 1 atm 


Phe effect of pressure on this latent heat 


Using the plot of Dana's 
to 


desired 


was 


then possiblk determine 


heat of any mixture 
vas then determined from the two plots 


described above. one which 
called a etiect 


deviations from the linear effect 


might be 
the other 
Latent 
were then 
subtracted from the saturated vapor line 


linear and 


heats determined im this wav 
to give the saturated liquid line 
lie-lines to express vapor-liquid equi 


librium were determined from the equa 


thon 


the values of a being interpolated from 
the data of Dodge (5) to vield 


a 0.296 at 30 Ib 4 
at 40 Ib 


at 50 Ib 


in.abs 


0.320 in.abs 


0.340 


sq. abs 


0.358 at 60 Tb. /sq.in.abs 
0.374 at 70 Ib. /sq.in.abs 


by 


noted 


detined 
he 


tractions 


a is but it 


Equation (2) 
should that these 
ot 


1.0 


Rather than present this information 


oxveen since a has values 


less than 


m figures these results are presented in 
Tables 2 and 3 so that they may be 
plotted to the scale desired 

It should 
presented in terms of mole 


be noted that these tables are 
fractions ot 
nitrogen which is the more volatile com 
ponent 


Rectification Considerations 


Since our point of emphasis is low 
energy requirement only the best types 
ot The 


simple column, since it always produces 


columns will be considered 


a low yield thus excluded 


Another 


ol Oxygen, ts 


type of column, one properly 
referred to as an enriching column and 
which operates under full process pres 
sure, has been suggested. Feed air en 
ters below the plates and the enriched 
air product as a liquid is withdrawn 
throttled, and evaporated in condenser 
coils to provide refrigeration for reflux 
at the top of the 


column. This device 
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ENTHALPIES OF SATURATED VAPOR 
OXVCEN- NITROGEN 


LIQUID 
Chu 


Mole 
Fraction 
N 


Ay 
3H 


is capable of producing enriched air of 
3) and 40% O, content but cannot yield 
50% because of equilibrium considera 
It is 


consideration 


tions at the bottom of the column 
further 
primarily because it 


discarded from 


here has no capa 
city tor handling extra low pressure 
under full 


and this extra air 


(since i operates process 


pressure } is all im 
portant in reducing energy requirement 

Actually the this 
section 1s devoted to the double column 
although it that the 
compound column with reflux from an 


auxiliary nitrogen circuit is probably of 


whole attention im 


should be noted 


well 
the 
eXcess 
pri 
marily in low energy requirement it will 
be found desirable to utilize this excess 
reflux 
by 


comparable performance. It is 
that the l-atm of 
column has 


known section 


couble considerable 


reflux, and since interest here is 


This can be done most readily 
feeding to the double 
( the 


column some 


extra air Lachmann principle ) 


trom an auxiliary circuit which extra 
little ot 


It will always be assumed 


air costs in terms energy re 
quirement 
that this extra air is saturated vapor at 
1 atm. 

It is the primary aim of this section 
to develop the methods by which the 
maximum permissible amount of 
ur 


the 


extra 
may be computed and the results of 
calculations thereon 


TABLE 


Interpolated from 


Mote 


CHEMICAL ENGINEERING 


AND SATURATED 


ib mole) 


in.abs 
1605 
1459 


*q.in abe 


Fraction Ne in 


obs 


in.abe 
163% 
1354 


In this paper discussion ts limited to 
40, and 50% Os, 
although it will be helpful in this sec- 


to think of them as 70, @ 
No 


the three cases of 30 


thon 


and 


A3°K 


ature difference between the condensin 


Vintmum Pressures temper 


nitrogen and boiling enriched air wil 


be assumed, It is assumed and later con4 
firmed that it is possible to rectify ta 
in the (higher 
column. The minimum press 
sures thus determined 


pure mitrogen lower 


pressure 


ire 


To simplify certain calculations in the 


study of permissible extra air, pressure@ 


of 40 (for and 50 Ib. /sq.ing 


(for 40 and 50% ©.) will be used for 


the lower column, since it is doesent 
the 
diagram and it is impractical to con4 


10 Ib 


to examine lower column on an Ha 


struct them for more than sq.ing 


intervals 

Extra Air Feed Location. In the casd 
ot pure oxygen the proper feed location 
for the to establish, 
since it is simply that plate over which 
the vapor composition is 79° No». In the 
over the range here 


and 506, N 


extra air 18 easy 


case of enriched air 


considered (70, 60 there 


VAPOR LIQUID EQUILIBRIUM 


trogen 
Vapor 


aq.in.abs 


~ 
TABLE 2.- 
tb 
Tacs i770 1729 16n8 1645 156) 1615 1470 1425 1977 
1555 1549 1535 1513 1487 1425 1301 1355 1315 1276 
253 231 ive 175 158 136 115 tol 
P= 40 lb. 
Hy 1819 1743 1702 1660 1575 1529 1487 1454 
AH 1522 1515 1502 lane 1427 1396 1362 1326 1246 
Ay 297 267 322 191 167 15 145 
P = 50 in abs 
He 1825 1792 1751 1671 1630 1540 1495 1449 1400 
AH 1495 1475 1453 1428 1400 1396 1290 1246 
Ay 335 106 276 258 wan 230 216 196 
P = 60 
Hy lasa i797 1758 i676 1501 1547 1503 145 1405 
1466 1460 1427 1402 1376 1343 1310 1274 1195 
168 337 110 201 274 259 lan 237 228 221 212 
P=70 lb 
Hy 1837 1803 1764 1724 1682 i504 1551 1508 1461 1409 
aH 1435 1426 1406 13238 1289 1253 
395 2a5 271 62 255 250 239 
as 
(2) 4 
i-y l—a 
$6.5 Tb. sq.in abs 
Mole 
Ne in Ib. /sq.in abs tb. /sq.in abs th. /sq.in.abs th. (sq.in abe 
Liquid a 0.206 a 0.820 a 0340 a 0.3568 re | 
0.273 0.257 0.246 0.237 6.229 
o2 o4a5e 0.439 
0 0.592 572 0.558 545 0.534 
0.693 0.67 0.662 1651 
0.772 O.757 0.746 0.787 6.728 
0.6 0.845 0.815 0 807 0.800 
0.7 O.a79 0.873 867 a62 of 
0.92" 0.922 ole 
os 0.968 0.966 0.964 0.962 


no exactly appropriate place for the 


tra air teed. Several place nav be 
} iwlered is tollows 


] The extra air may be mixed with 
the oxygen-rich product of the 
lower column and become the feed 
to upper column 

2? It may be fed to the still pot ot 


upper column 

7 \ part of it may be ted to upper 
column still pot and a part of it 
to the vapor leading to columm 


proper the oxygen-rich product 


trom lower column bemg also fed 
nto the pot 
4 of it be fed te Upper 


column still pot and a part of itt 
the vapor leading to the 
proper, the Avgen-rich preovwuet 
trom the lower column being sent 
to a plate in upper column 
Method 4 lustrated Fivure 1 
wl seems to be the best in all cases 
the best being defined in terms of per 
ritting the greatest quantity of extra 
ur. It is interesting to note that method 
1 is practically as goml as 4 and super 
r to 2 and 3 tor ‘) ml that 
nethad 3 nearly as as 4 for 
‘) 
Vethod and Calculations for 70% 
\ifrogen ( ase Operating | ure 


hetween 0.79 


al %*.79 
“14.35 
Mx, YW 
| 
| 
at 
“A | 
ve | 
trl Process 5-III 
No Yw | 
te Mp 
f 
{i + | 
Fig. 1. Double Col- 
He «= > umn with Extra Air 


Feed. Method 4. 


first law requires that the column as a 
whole (Fig. 1) satisfy these equations 
Ms 

079 + (4) 
(l—fiHy+fH, MoH, + 


(>) 


neglecting heat leak into the column 
For this particular case ’ 
10, 1435, Hy, 1475 
1335 whence 
1435 14357 1435 
ily 


Purning attention to the lower column 
the first law requires that 


ix 

In order to solwe these equations it 
necessary to take trial values of a, and 


tp The value of Tp May he 


und O.57 (limited *by equ 


ibrium with the feed to the lower col 
Xperience has shown the low 
st permissible value to be best \ssun 
0.57 and x, 10 «later con 
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firmed ) Hy and Hy» 148 


Solving these equations we have 
M, O.488(1 — 
My = O.512(1 — f) 

Qcy = 1271(1 —f) 


The 
for the 


Ponchon-Savarit operating lines 


lower column may be shown to 


che tite d by 


Vp 
O”"—H H Ht 
nm whe h 
H “ 10 
oO + 
2 Ve (10) 
Phere tore 
148 4 127 f) 


0.51201 


It is notable that this is independent ot 


f. a result found to be true in all cases 


studied. The tie-line through the lower 
column feed extended to a, 1.0 cuts 
the latter at a point well below 2628 


The lower columm is therefore operable 


with ease regardless of the value of f 


uml capable of vielding rp, 10 as 
issumed 

Turning attention to the upper 
ot the 


Savarit operating lines are 


part 


upper column, the Ponchon 


(11 
Hi Hf Hi 
n which 
WU 
(12) 
My 
Equation (12) may be used to determine 


the value of f directly by extending the 


1ie-line through the upper teed, x, 

0.57, H, 180) (on a l-atm. Hew dia 
gram) to the intersection with xr, 
corresponding to the use of an infinite 
number of plates above the feed Thi 


mtersection, the lomiting value of © 


| | AIR COMPRESSOR 
ANO AFTERCOOLER 

7 

pad 

Th 
id 

| 

44 
ax 

ich 

(1 Ve + 16 

prey (1— f)0.79 = Mprp + 
(7) 

_ 
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| 


The retore 


by which 


(1 
mil. rounding off 
f = 075 


This traction of extra air is operable im 
the top part of the column. but it re 
nains to be shown that it is in the lower 
part. 
Balance 


per column excluding the pot are 


Mp + My + af V.+0 


equations for the whole up 


‘ 


(13 


Vptp + + af, Mavs + 


VM pil, T M yll + afH, 
+ 


It will be noted that it has been as 


sumed that no vapor to the upper col 
this 
nitrogen of all 
The 


unknowns in the above equations are O, 


wun comes from the sull pot. Since 


vapor is the leanest in 


vapors in the region this is proper 
« and a, since H, is detined by xp. 
Solution of the above equations leads to 
these results 


a( fraction of extra air ted to upper 


column as distinct from pot 
0.345 


O49 
He = 
that 


establish 
0.49 


clear 


It now necessary to 
this will work, i.e., that 4, 
value It seenis that 
than that value im 

0.79 for the extra 


air, which value is 0.48 


rmissible 


» cannot be less 
equilibrium with 
Thus operabil- 
check the 


Ponchon-Savarit operating lines for the 


ity is assured. As a double 
been de 
that the 
operating point thus defined is such that 
part of the upper 
perable to yield x, 0.49 
It has also been established that other 
values of f 
that this 
column is operable to vield 70% N, and 
N. 
ted to the 
ss 
column 


section below the teed have 


rived, and it has been shown 


the lower column ts 


alues of vy lead to lower 


therefore we mav conclude 


products when 75 of the air 
is actually fed 
saturated vapor to the upper 
A portion, 34.5%. of this 75% 
should be fed to the upper columm proper 
und the rest to the still pot 

Similar calculations. for 60 and 50°, 


whole assembly 


atm 


Ne lead to results which are shown im 
Table 4 
These 


section 


values will be used in a later 


in devising the best processes 


nd it will be assumed that the permis 
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sible extra air is unchanged by operation 
of the process at the minimum pressure 
slightly value- 


insteal of the higher 


above 


Process Analyses 


Methods for analysis of the various 
processes are the same as described by 
Bliss and Dodge (2) for pure oxygen, 
and they 
One merely must apply the first 
to the 
unit 
various unknowns 


will not be described im detail 
here 
and to 


process as a whole 


each thereof and solve for the 
Heat exchangers in 
particular are then examined im the light 
ot the that no 
virtual violations occur 

Only and 6 
studied results are 
lable 5 
the results are 
effects of such 


temperature, etc 


second law to be sure 


have been 
shown in 


processes 5 
and the 

The process description and 
below The 
leak 


have not 


discussed 
variables as heat 
return gas 
been examined here, since they should 
have about the same effects as with pure 


oxygen 


5-111 


retrigerants 


Process 
tour 


This 
is illustrated im Fig 
ure 2. A return gas temperature of 
207° K.. a heat leak of 28 B.t.u. mole 
of air, and the use of a double column 
assumed In addition it was 
issumed that all the heat leak was con 
centrated in the heat exchanger where 
with 
pertormed, and it was further assumed 
that the pressure of operation was the 
minimum for each case as established in 
a previous 


process Using 


were 


the retrigeration mitrogen Was 


section. Extra air was not 
provided in these cases 
It ts Table 5 


has large energy 


that the 
requirements 


clear, trom 
cascack 
compared with the reversible process. It 
is also worthy of note that the computed 
energy requirement rises with oxygen 
content of the product much less than 
the reversible energy requirement, i.e., 
the efherency talls as oxygen content is 
decreased. Thus the efficiency is 10.56 
for 50% Os, 8.2% for 40%, and 4,99¢; 
for 30% Oy. This is probably in large 
part due to the greater excess reflux in 
the column in the low purity cases, i« 


greater irreversibility 


Process 6 lil 
Figure 3 


This is illustrated in 
Again the return gas temper 
297° K., the heat leak 2 
and the double col 


ature was 
B.tu. tb 
used. In 


mole ait 
this 


umn case, the expander 


TABLE 4 RESULTS OF 


Pressure of 
Lower Col 
umn ib 
*q.in abs 


fixyeen (Cor 
tent Er 
ched Air 
‘ 


40 


CALCULATIONS ON 


Fig. 3. Process 6-III. 
exhaust was set at the minimum pres 
sure of operation of the column, which 
of course, requires that the initial pres 
sure be somewhat higher 

It is clear from these results that this 
process is comparable with the cascade 
fact the 
requirement between the two are prob 
ably small im 
crease of energy requirement with prod 


ind im differences m energy 


insignificant. The same 


uct oxygen content (1.e., decreased cth 
with decreased oxygen content) 


for the 


crency 


is observed and presumably 


same 


This (Fig 
4) differs from 6-111 only in that excess 
air at 1 
amount equal to the theoretical maxi 
Thus 


Process process 


atm. has been provided in at 


mum as previously determined 
75% of the total air was at 1 atm. for 
woe and 49 for 506, 
It should be noted that 5 Ib 
sure drop has been allowed yor the low 
This has 


tor other exchangers be 


59 for 


pres 


pressure air heat exchanger 


not been done 


cause of the appreciably higher pres 


sure, but it seemed to be rather impor 


tant to allow this much here, since the 


pressure is so low. It has been assumed 


that the permissible extra air figures 
cited above are not ch inged by the slight 
that of the 


H-x diagram to the minimum for oper 


change in pressure from 
ation 


Results 


ment over 6-111 for all cases 


show considerable improve 


Efficiency 
of the processes is again lower for the 
lower oxygen purity cases, This is not 
explainable by excess reflux, because i 


PERMISSIBLE EXTRA AIR 
Fraction 
(Fraction 
of Extra Air 
Fed to Col 
omen Pre 


AIR COMPRESSOR 
AND AFTERCOOLER 
1383 
51241 f) 
— No 
ENACHED 
AIR 
7 
EXPANDER 
= 
(14) 
(15) | 
4 
tion Nitre 
Pe CHEMICAL ENGINEERING PROGRESS Page 71 


all these cases the reflux ratio is at the 
minimum in one part of the column. The 
basic reason for the poorer performance 
ot the lower oxygen cases probably lies 
im the condenser-boiler of the doubk 
column. The necessary pressure (de 

tined by the temperature difference of 
3° K. across the condenser boiler) tor 
3% Oy is lower than that for 40 and 
50°... but not enough lower to reduce to 
any great degree the work of compres 
sion. Furthermore, the lesser the oxy 

gen content the more nitrogen must be 
boiled in the condenser - boiler and heat 
transter here is irreversibly accom 


plished 


Conclusions 


Since Bhss and Dodge ; have 
shown that pure oxygen could be ob 
tained with the best process tor about 
0.14 hp hr. /lb sunple material balances 
imficate that 30, 40, and 50 Og could 


he made by dilution of high purity oxy 


tir tor 


The direct process i learly lottle 
poorer for 30 but ~omewhat 
hetter tor 40 and 50° » It os so hitth 
better, however, that it is doubtful that 
t would be used in view of the greater 
mount Of purihcation 
a 
sei 
result is not 
to compare the 
dilution on the sumption that 
pure oxygen requires (2 ! | 


herve figure become 


would 


ittraction 
rrant t 


order to reduce 


he noted that fo 


t pure-oxvger 


> 
‘ 
- 
= 

- 
- + 

% #653 bphr th oxyger 
: - 

-- ° With such a comparison the direct 
process appear have sonx 
bout 36° more mater must be 
he 
im the blow tern perature part of 

= ‘ te t the direct proce man in 
the dilute process 
tees Returning to the first set of figure 
hicl ecms to be more tau since best 
esses are ce mpared it is clear that the 
tull theoretical advantage t the direct 
‘ ‘ proces ite the mim revert vle 
vork ot separation) cannot be realize 

= n practical process« There are prob 
+ 

first of these the column The nece 

Minimum pressure for operation of 
the rectity ne te th 

$ = tor enriched air and only about 

OO Ib./sq.in. for pure oxveger The 
oe, sae econd is that there is little increase in 
P 72 
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work of compression if the discharge 
pressure instead of 


Mt 


is 60 Ib. /sq.in.abs 
rhus, pure oxygen can be pro 
duced tor only little work than 
is required to produce enriched air, and 


more 


with that pure oxygen considerably more 
enriched air can be made by simple dilu 
tion and for no additional energy. 
enriched air of low 
it 


Iherefore, for 


oxygen content, ¢.g., near 

seems clear that dilution of high purity 
oxygen is definitely preferable For 
higher oxygen contents the two alter 
natives become more competitive, and a 


more thorough study in the light of local 


particular requirements would have to 


be made to reach a decision between the 


two. In such cases the figures on energy 

requirements of this paper should be of 

value 
rhe 


low 


that enriched air ot 


should not be 


conclusion 


oxvgen content pre 


duced directly seems to have been inde 


pendently arrived at by the Linde Co. of 


Germany, since of seventy-three Linde 
Frank! units listed by Clark (23) only 
one was built to produce 45 O,. The 


rest were to produce 95° Oy, or 
Karwat (9%), and Schuftar 
(13) are of the opinion that the dilution 


purer 
Bishop (7) 
generally 


process ts superior 
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Notation 
a fraction of the extra 1 atm 
ur which is fed to the 
upper column proper ; also 
relative volatility 
enthalpy of vaporization 
ilso enthalpy change ot 
eparation, usually Coho 
Ib mole 
AS entropy cl inge of separa 
usually Chou. 
le kK 
action of air fed to dou 
ble wh may le 
t l atm 
‘ py, usually ¢ 
V nutnbe t moles 
0 umber of mole i over 
flow ina coh 1 
} heat effect in general 
heat transterred con 
denser -boiler 
special heat quantities ck 
fined m text 
as constant 
temperature, usually K 
ambient temperature, 300 
kK 
J number of moles of vapor u 


a columr 


AUXILIARY 

AUR SSOR 

AND AF TERCOOLER 


AND AFTE = 
| ew 
] 

Fatt 5 LAL 
! 
Fig. 4. ‘ ‘ 
Process 6-III-A. 

we 

EXPANDER EXPANDER 
- 
i work tion and Use of Gaseous Oxygen 
‘Feb. 13, 19048) 
composition, usually 14. Williams, V. C.. Trens, Am. Inst 
fraction nitrogen of a li Chem. Enars.. 39, 93 (1943) 


quid stream 


composition, usually mole 


traction nitrogen oft 
vapor stream 


SUBSCKIPTS FOR Hea AND \ 


enterimg ait 
enriched air product 
nitrogen waste 

4 extra air stream 


stream to boiler or to bot 


tom column 


p overflow from column 
' feed to top column 

liquid 

» = overflow 

R reflux to top column 

vapor 
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Discussion 


W. E. Lobo 
Kellogg Lo 


believe the 


(Chairman) (The Mj 
New York, N. ¥ 


Do vou analysis of yours 


shows the entire story m any case?’ l 


you are going to use 30°, Oy, in an end 
vou 
gomg to use it at some 
you would hav@ 


riched-air mixture of 40 or 50% 
are obviously 
pressure, and theretore 
to compress the products made m youg 
process here or you would have to com¢ 
press the product of the mixture ot vt 
ind pure oxygen. | think when you lool 
into that further, you will find that the 
the quantity o 
going to be 1 beheve the 
ur quantity with the high purity OXVe 


en——will show up still better, as nee 


handling of minimum 


ur—which ts 


can be withdrawn from liquicd-at 
fractionation unit under some pressure 

Harding Bliss: That is perfect! 
possible. | have not done it and cannog 
speak on it 

Charles F. Bonilla (Columbia Uni 
versity, New York, N. Y.) Your he 
ures for energy requirement in horse 
power hours per pound of total con 


tained oxygen are, of course in the 


standard units for cost estimates on 


alternative sources of oxveen How 


ever, there might be some theoretical or 


other reason to be imterested in the 


horsepower hours per pound of excess 
and bevond the 


after all 


oxveen above compost 


tion of air. which is available 


free. Figuring mentally, | note that in 
these latter units the dilution process 
would show to yet greater advantage 


compared with the direct process, for 
the compositions of each that you have 
given 

sented at Forty-first Annual 
York, N.Y.) 


il’rs 
Vecting, New 


i 
ai 
4 
4 
‘ 
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process« which have been 
proposed tor the large scale pro 
duction of “tonnage” oxygen are based 


om the Linde Frank! proce 
double 


which uses 
column for tractionation and 
regenerators for purification 
Modifications of the basic 
le Frankl proee 


meclude the elim 


m of the high pressure (200 atm.) 
mm (7) (9). use of ovultiflaid ex 


place ot 1 


renerators (4) 


‘ use of an mtermecdhate pressure col 
ul to wmmprove oxvgen recovery 

OXVYEeN process 1 de 
to overcome certain difficulties 
with these process i tech 
description of the Elhott evele and 


operation of the various component 


te m 


Flow Sheet 


tin 
ot the 


th leet hown 


hown are 
variou treams per mole 


In « sleulat 


t! expaurmder thow heat leak is 
(hte be 32 mole of prod 
based on pilot plant 
cla! shuct be appl to 
ry large plant ted to th 
prate bw an air blowe to 
i «lev pert of 4“) mean 


adsorption 


alriet The air then enters the clean-up 
Kehanger vote tor tinal removal of 
sater « tale iwetvilene 
ml other comlensalble purity \iter 
assing through as wrulator, the aw 
enters the colunm a iturated 
it a pressure of about 3 Ib. /squn. gage 
\ section of tl payne levoted to a 
description of the removal 
tem 
Plant Retrigeration 
Lhe thant whet tesext for treet 
iting the plant nitrogen t the ex 
pander discharges the top of 
the column. T! ure nitroget 
Present ackires Amernan Machen 


¢ ‘ 
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ELLIOTT OXGYEN PROCESS AND 
IMPURITY REMOVAL SYSTEM 


D. B. CRAWFORD * 


Elliott Company, Jeannette, Pennsylvania 


wated as two streams: one in the re 


flux cooler, exchanger G, and exchanger 


uml the other m the clean up ¢x 


‘Ts Nitrowen 


mi nitrogen trom the clean-up ex 


changer is compressed m a 
100 Ib 
[he compressed nitrogen ts 
exchangers 4, B 


two-stage 


compressor to about ab 


cooled 


and & Between ex 


changers wd G the high pressure 


nitrogen divided into a re trigeration 


tream to be fed to the expanders and a 


reflux stream to be sent through ex 


changer G and to the column reboiler 


where it ts condensed. The refrigeration 


tream leaves the expanders as 


ipor at and 


aturated 


hones the nitro 


yen stream leaving the top of the col 


une 


Reflux nitragen m the col 


mon and subcooled on the re 


tus ler, Upon throttling to column 
mre ure ibout 7°) of the flashes 
to vapor The oxvgen stream, of [5* 

purity, is withdrawn a sturated va 


por trom the bottom of the column an 


varmed in exchanger 4 to a 


perature of about 85° | 


In order te cool the aur te its dew 


pomt before it enters the columm, the 


neoming am is cooled entirely with om 


trogen, while the oxygen product is uses 


cool part of the meommge compressed 


nitrewer The clean up cvele Oa 


mitrogen cveled through 


! kept 


ranged that the 


up exchangers ts always 


tree of condensable unpuriti Wit! 
this arrangement, together with the us« 
ot ol-tree compressor the mupressed 
trogen maintain dew 
mont «of +18 In this way 
onoof unpurities m exchangers 4 and 
expander nozzles, eX hanget ume! 


the reboiler 1s 


completely eliminate 
mal thu long-term the 
plant issured 
Lhus system produces all the oxvget 


umd most of the comtimuctusts 


mitrogen 


clean, dry product \ small portiot 
t the nitrogen ts used tor clean-up pur 


poses aml carries out the wnpuritre 
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trom exchanger # 


wrought in with the air. A small por 
tion of the clean, dry compressed nitro 
gen is used for the operation of valves 
ind imstruments, for the provision of an 


inert itmosphere in the cold box 


and 
ior sealing at the shaft of the ex 


parider 


Impurity Removal System 


The unpurity removal system ts ce 


siwned to remove lorcign particles and 


condetisable trom the au 


teed to the plant und to discharge these 
impurities trom the system m a marnnet 
that permits the plant to run madetinitels 
Lust 


cinders, amd smoke are removed 


by a water wash 
content of the ar 


thar the 


water 


usually much higher 


dioxide content, and, im order to equal 
ize the problem of removal in the clean 
bulk of the water 


cold 


up exchangers, the 


vapor s removed with a Water 


crubber and subsequent adsorption on 
slumina The tinal removal of water 
uml carbon dioxide occur m the clean 


up exchangers where the air 
3107 At this 


or pressure of 


is cooled to 
temperature, the va 
that 


wetvlene is so low 


the quantity of acetvlene which passe 


sufhicrent 
This 


passing 


through the exchanger is not 


to constitute an explosion hazard 


mall quantity of acetylene 


through the clean 


value by 


up exchangers is re 


duced to an even lower ulsorp 


tion on the silica 


gel in the accumulate 


Steps in Clean-up Procedure 


the clean up xchanger 
vstet Onstists of operation ot two ga 


tegas heat exchangers ilternatel 


First. the air is fed to one exchanger 
unt the deposition of MMpurities Tatlses 
pressure drop to an objectionable 


ilu Then the plugged exchanger 


el out of operation while the wll 


exchanger is put mto operation 
plugged exchanger is then derimed and 
ready to 


replace the other ex 


as plugs 


February, 1950 


th 
rey 
of} 
ie 
Pian 
| 


The deriming is accomplished by 
passing clean, dry, waste nitrogen 
through the plugged exchanger : first, in 

clean nitrogen passage, from the 
arm end to the cold end; then in the 
d air passage, from the cold end 

© the warm end, where it sublimes the 
leposits (See Fig. 2, plate 6) This 
flow path results in heat transfer be- 


veen the incoming and outgoing nitro 


gen m the plugged exchanger. ie., the 
clean dry nitrogen trom the operating 


exchanger ts cooled as it moves from 


18; 


the warm end to the cold end, and it is 


immed as it returns from the cold end 


the warm end. In comparison with 


ommon deriming procedures where the 
exchanger is warmed sufficiently to melt 


the deposits, this heat exchange minim 
zes the temperature rise of the heat 
exchanger mass. Thus, the work of re 
irigeration required alter the deriming, 


cooling the exchangers to normal 
erating temperature becomes very 
small. In fact, designs of typical plants 
ind pilot plant data show that the power 
equired by the refrigeration losses of 
¢ clean-up operation represent only 
two per cent of the total power input to 


Reducing Clean-up Nitrogen 


Owe 


order to reduce the quantity of 
yen which is required tor cleanup 


the fouled exchanger, the rate of 


sublimation of the mpurities i im 


2 


reased by WATT the exchangers 
is accomplished by allowing a time 


terval between the switching of the 


oven flow to the dermmed exchanger 
the switching of the air flow to the 
med exchange During this inter 


il. the air stream warms the plugged 


exchanger unitorms about | 


esultinmg the tollowing twpical 


‘1 


which imlicate the order of mag 


tuce of the imerease m= sublimation 


». The vapor pressure of water at 


b. is eight times its vapor pressure 


306° F., and the vapor pressure of 
dioxide at 184° F. is twenty 


two times its vapor pressure at —220° F 


Somtlarly the Vapor pressure tor acety- 
ne at —264° F. is approximately 370 
its vapor pressure at swt 


us the problem of removing impuri 
tes trom the exchanger ts reduced to 


¢ point where only 206 of the waste 


trogen is needed tor cleanup. Advan 


ve may be taken of this tact to econ 


UIBAXO JO MOLY 


ze on heat transter surface by ar 


sng, tor example, a bank of five 
hangers, ot which four would be 


perating and one cleaning. This would 


Co) 
vise O 


ult a rato of nonoperating sur 
face to operating surface of only 0.25. 
The derimed exchanger. before it is 


ut mmte operation cooled to normal 
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TEMPER ATURE 
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LENGTH. EXCHANGER LENGTH, EXCHANGER 


OPERATION j TEMPERATURE OF CLEAN 


vP Gas 


CLEAN ORY 
NITROGEN 


WETAL 
TEMPERATURE 


RETURN WITROGEN 
SVBLIWES DEPOSITS 


5 


LENGTH, EXCHANGER 


2. Schematic Temperature Bthavior of Clean-up System 


probier 410 


tate heat transter and 


which does not lend itsel 


ulytical solutios 


with a 
icetvlene 


to 150 


clean-up exe 

period occupt 

. } ch 
Impurity Accumulation 
1.25 10-8 mok 


no acetvlene 
rccumulator and 


ntering the 
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mate 4 PLATE 6 

ENGTH. EXCHANGER LENGTH, 

perating condition by means ofthe cold period is compe. | 1.35 10-5 mm. Hg 

troget passed through the unsteady This corresponds to 14 1) ume 

lerimed exchanger simultaneously wit! duction, of acetylene per volume of air wing 

was solved graphical iverage ¢ 

\ le « ‘ iL nh 

volved, the pilot iture distribution after each step in the period rises 10-5 mole of 

a plant « ' tse two-minute a peration may lx cel n Figure 2 wetviene per mole of air ving the 

wal at | operating ite get ut 

inv ort How patterr is 
} ot acetvlene per 

rs tiiet ‘ tor eather 
\t an air temperat of air leaving the exchanger for 
| vapor pre re ica n dioxnle tota eT \ssuming. tor th oment 
© low that « 10) * wolumes of carhor ret ved in t 
oxide W ried throng the at the volume of an 

changer with one volume of air. In- column is five times the 

n a l00-ton/day oxygen plant volume of oxygen produc the acety 
represents an accumulation t le ene concentration m the oxvgen leaving 
ie Pilate 3—Ch than | th. of carbon dioxide in 365 \ the column would have to be 5 « (14 
operation + 1.25) 13.2 moles of ¢ 
Leven t the exc etviene per n le of oxvee! m orce 
\ © air t betore it to carry out all the acetvlene that tt 
onlat t teal the exc inyers r example \r 293 the boiling temperature 
butios tine uri based upon an extrapolation of data of t the oxvye mothe unm. the 
te thre 4 vapor pressure of acetvlen pressure t acetvlene 32 * 
ree 
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PLATE 


NORMAL, PLUGGING 


PLATE 3 


CLEAN-UP 


10 


oxyvger 


Hig. which corresponds to 324 


oles acetylene per mole of 


reboiler. Ii 


the the amount ot 
the col 


the 


eaving 
brought 
this 


being into 
ceded 


ould 


cetvlen 


quantity, then 
to accumulate im 
a sohd 
t a potential hazard 
2/324 = OAL) 41% 


juantity of acetylenc 


wetvien tend 
and would 


Actually 
ot the 


liquid oxvgen as 


will 


the exchanger. Figure 4 shows 


relation of the per cent of danger 
andl the 


us concentration 


the 


ur temper 


iture leaving clean-up exchangers 
| 1al operation, the silica gel in the 
ccumulator, 


the 


which is placed betwee 
exchangers and the column, adsorbs 


both the cetvlene and carbon dioxide to 


an extent that not even a trace ot 


either can be found m the oxygen prod 


uct 
Cycle Characteristics 


The 
it pe 


rake 
rate im 
Thus the 
optimum quantity of reflux may be sup 


eparate nitrogen cireut 


ble to control the reflux 


dependently of the ur rate 


variable demand cor 


pled to meet the 
re spondi « to different plant capacities 


or different product purities 
lo ow the 


ingle column, calculations of the recov 


characteristics of the 


as a function of reflux were made 


column of 18 theoretical plates 
The 
column was as 

ib. 


producing 
pre 


sumed to be 


ssure im the 
18 tb 


oxygen 
iverage 


{ OMpost 
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tion of air was assumed to be: 20.95% 
O,; 78.12% 0.93% A 
equilibrium data tor the oxygen-nitro 
gen-argon system, required for calculat 
ing the columns, were obtained trom a 
recent correlation (3) based primarily 
on the work of Dodge and Dunbar (6) 
Enthalpy data were obtained from the 
recent charts of Claitor and Crawtord 
(4). 

The giving the the 
oxygen produced per mole of liquid re 
flux 


Figure 5 


curve moles ot 
shown in 


the 


Vs. per cent recovery ts 
Also shown in Figure 5 is 
oxygen content of the nitrogen leaving 
the the 


It is apparent that the yield of 


top ot column for various re 
coverTies 
Oxygen per mole ol reflux does not tall 
off rapidly until the oxygen recovery ts 
considerably more than 98°. Econom 
balances based on the production of 95% 
O, alone indicate that the least cost per 


unit of obtained when the 


the by-product 
Oy. This is a 


that ex 


oxygen is 
nitrogen produced as 
contains less than 0.5° 
different from 
hibited Linde-Frankl 
where operation of the reversing regen 
with the doubk 


results im a nitrogen 


characteristi 


by the process 


erators column usually 
product stream 
contamimg 2% O 

lypical temperature differences im the 
heat the 
temperatures of Figure | are plotted im 
The 
in the clean-up exchanger is practically 
constant at 8° F 


exchangers using warm-end 


Figure 6 temperature difference 


because the pressure of 


both streams in the clean-up exchanger 
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PLATE 4 


NITROGEN COOLING 


is close to atmospheric 


ligible 


nee in Joulk 


and 


Thomson 


effect is 


the differ 
neg 


The temperature difference im 


the oxygen exchanger varies primarily 


because 


temperature 


COLUMN PER BOLE OF LEAVING 


Gm, 


ot 


the 
ffect in the high pressure nitrogen 


larger 


Joule Thomson § 


The 


difference in exchanger B 


* 


(CAVING CLEAR UF EXCHANGERS 
Fig. 4. Allowable Acetylene Entering 


Column 
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Fig. 5. Oxygen Recovery for 18 Theoretical Plates 


247° F. at 


ted to 


timers on 


which 


the Thi 


i, clown t 


emperature the 


parler 
Since the high pressure exchan 
kept pertectly free of um purity 

at the 


tully 


heat ex Wise 


nitrogen the 


Vout 


plant suited not only tor 


procwe tran 195°) gaseous oxygen 


ilse tor oxygen of 99.560 purity and for 


the the 
cold 


uti! 


liquid oxygen. In these applications 


arge temperature difference clean up system operates m an identical 
Bivl of the exchangers can be 


manner, and the product recovery is like 


terms of wing oom high In 


the 


pecial appheations 
the 


the 


hanger surtace s here over-all hewht of plant 


\utomatic control of the plant must be kept to a minimum 


sithg le 


cheved m part by separate control of column offers an obvious advantage over 


teed ancl the 


Division 


he air nitrogen compre the double column 


thre nitrogen the 


that 


stream ts Since this 
i pilot plant has been erected and 
it the Jeannette (Pa work 


bihott Co. «72 Operation wa 


original conception of 
ontroll further the 


ed 


ont 


rrect 


the compre nitro operated 


expander te the 


eration balance amd < ntirely 


nitity 


successtul aml confirmed th 


nitrower dvantages of the evele Iwo runs 


vhict 


were 


or Mest economi made m the pilot plant operated 


\\ th 
pperatedd at 
ethereney, Switching 


thre ‘ up are 


irranwement, the continuously for more than two mont! 


« Inspection ot the component parts 


operation ited no reason why the plant could not 


con ron \cetvlene was found 


~~ MTROGEN EX 


CUS 


~~ Ci. 


ome 


coovee 


100 


Fig. 6 Heat Exchanger for Temperature Differences 
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in the air entering the plant but 


trace of acetylene was detected in 


quent tests on the liquad oxygen m 


rebosler he product and 80% of 


waste nitroget produced con 


uously as clear streams (dew 


approx 

Appheations for patents on the 
om the 
filed by 


Flhott 


removal system and 


have 


purity 


evel been 


vutheor. to he assigned to the 
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ECONOMICS OF TONNAGE OXYGEN 


PRODUCTION 


IRVING ROBERTS 


Elliott Company, Jeannette, Pennsylvania 


A° a result of the recognized advan 
tages of the use of tonnage oxy 
gen the gas 
ind petroleum imdustries (6), eight ton 


m chemical. metallurgical 


nage plants are in the process of erection 
or are already im operation im the United 
States. Capacities of these plants range 
from 120° tons to 1000 
Uses for the oxygen inchuce 


tacture of steel 


tons /day 


the 


day 
manu 
oxvgenated chemicals 
synthetic gasoline aml synthetic am 
monia 

So tar as ts known, all these plants 
ire based upon the Linde-Frankl proc 
The 
Elliott process is designed to overcome 

the 


lv with regard 


ess (7) or its modifications (7, 9) 


ceTtamn disadvantages or Linele 
Frankl process, particular 
to continuity of operation and to acety 
lene ¢ xplosion hazard. Other 
the Elhort 
ple s of the evele 


the 


papers on 
the 
construction and 


process describe princi 
ind 


(72) 


The present paper is devoted to a study 


operation of pilot plant 


the gas-to-gas heat exchangers 


of the design of a tonnage plant, and 


to the economics of oxygen production 


plant 


the 
tuds 


by ss 


chosen tor this design 
The plant is assumed to be 
the 


the 


produces tons of Ose; 


OXVgenN was 


located in Pittsburgh area, using 


steam tor mam drives, and electri 


suxthartes 
sheet 


powet teow 


\ flow 


Figure 1} 


ot the evele is given u 


cvele Cotsists of thre 


major features which characterize the 


process, 1. in air purification 


vstem mom which the is cooled at low 


ut 
pressure to approximately its «clew 


umd 


hetore it enter ~ngle colunu 


nitrogen cireut whnel ig! 


“upp ire 


pressure mitroget ! to streans 


i which flows to an expander 


rwveration. and the other to the 


tor reflux llowever 
| 


plant 


compa ris 


with the flow sheet of the p 


(10) wil row a mapor change 

takes 

relatively 


ck 


heat-exchang 


lean-up heat-exchange 


new irrangement 


mata sthort 


s required tor the 


plant, two units 


vere one 
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the other was touled durmg the cooling 
of 
was found that the exchanger was com 


air. For a fouling period of 4 hr., it 


pletely cleaned in 45 min., when the en 


tire by-product nitrogen stream was 


used for cleaning. Thus, each heat ex 
changer was tle for a period of 3% hr 
In an alterna 


por 


during successive cycles 
tive method of operation, only ot 
the 
used tor cleanup and the cleanmy wa 
the 
This method has the advantage of mak 
RIG, of the 


dry 


by-product nitrogen stream was 


continued tor entire period 


avatlable continuously 


ny 


nitrogen by-product as clean 
stream, as well as reducing the pressure 
drop m the clean-up nitrogen circuit 
1) 
hanks of heat exchanger units, ¢ 
ind tor 


svstem 


tour 
Dt 
the clean up 


In the present plant (Fig 


are prov 


O1 these, three are operating m 


the 
switching 


parallel in air cooling service, while 
fourth is cleaned. A 


occurs once every hour, so that each heat 


exchanger ts fouled for a per wal of 3 he 
ind then is cleaned for a pertod ot be 
the 


imbicate that 


as an example 
flow 

is be ine leaned 
und / 


In Figure 1 arrows 
showing direction of 
exchanger ( while ex 
are touled 
banks 
heat 


changers / 


Provision of exchanger 


results ina 
the 


this manner saving 


transter surtace, since ratio ot 


surtace to 
om 


operating operating surtace 


educed trom the pilot plant 
to 33° 


\. 
the 


m this plant 


consequence of this arrange 


exchangers which are operat 


im parallel will be touled to differ 


ent extents. For example, exchanger /?) 


switched mto op 


might have just bees 
t xchange? 
have 


Phere 


contan 


eration aiter cleaning, while 


ought have been fouled for a 


hanger / might 


for a 


period aml exe 
touled 
the three 
different quantities of umpurity deposit 
will offer different 


flow lo 


heen period 


lore exchangers wall 
resistances to 
all 


automatic 
the 


im 


“it assure balanced flow im 


three operating exchangers 


control valwes are in 


placed 


ru lines. and these are controlled 


trom the midpomt temperatures of the 


Phe midpomt temper 


xchangers 
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variabl 
unbalance 


the control 

to flow 
a 1 change in flow balance results 
F 


tsed as 


since if is sensitive 
in approximately a change im 
midpomt temperature 

In Figure 1, a waste nitrogen exhaust 
to the 
nitrogen trom the clean nitrogen mam 
told at the the 


exchangers 


blower ts used draw clean-up 


warm end otf clean-up 


through the exchanger he 
The to the 


an exhaust blower would be to pro 


ing cleaned alternative use 
ot 
additional head im the blower 
the 


clean-up circuit, so that the waste nitre 


vicle au 


overconic resistance to flow 
be discharged 


With the 
additional head Is apphed only 


zen may 


pressure 


at atmospheric 
exhaust blower, this 
to the 
clean-up nitrogen flow, which 
than the flow 

a saving in Ite will be 

that about 15°, of the by-product nitro 
gen is used for clean-up im this plant 
compared with the 196 
the This 


tained from the more 


stnaller ai 


power 


figure used in 


pilot plant reduction is ob 


tavorable ratio of 


specific volumes of the a 


which results from the somewhat larger 


‘ifference pressure between the two 


streams in the present clean-up systen 


Economic Factors in Design 


In a tmage Oxvgen plant the major 


item of operating cost ts power tor com 


pression, Additional items, such as cool 


ng water and labor, have 


litthe 


operating 


on problems involving 


influence 


choice of low temperature process con 


ditions, and are neglected m the analysi 


given below Theretore, the economn 


phases of the design are resolved essen 


tially inte balance of fixed charewes 


power costs 
For thi 
0.4 cents /hp 


imalysts powet Valine it 


equivalent to 
kw. 

to steam, used in condensing turbines 
4) cents /M Ib 
at ol 


heure 


roughly 
and 
at 
Fixed harg« are taken 


electric power at 0.5 cent 


investment cost yearly, and 


this intemled to melhuck depre 
um] mamten 
this 


to be 


tane insurance 


ince Mamtenance is included m 


gure since usually it ts assumed 


and nitrogen,9 


|. 
leot 
in 
the 
tawe ¢ 
per 
was cleaned while heat 


a hxed percentage (1.5 to 3 the 
nvestment cost yearly 

\ factor which will be useful in the 
economic balance calculations is the 
value of low temperature refrigeration 
\ discussion of this factor is given in 
the next section of this paper, and this 
is followed by an economic analysis of 
the following process variables opti 


mum warm-end temperature differences 


optimum nitrogen compressor discharge 
pressure, optimum number of colunm 
trays, and optimum oxygen recovery 
Ihese process variables are believed t 
he the most important for design of the 
plant. Many other economic balances 
ire required tor complete desi but 
these are either of minor importance or 
give well-known results. With the ex 


ception ot the cost of retrigeration thev 


are not considered in this paper 
Flows temperatures and pressures 
shown m Figure | are the result of this 


economic study 


Cost of Refrigeration 


Ketrigeration is supplied by the tur 
bone xpamder to overcome the effects of 


heat leak unl) warm-end temperature 


lo Expanders are usually installed ir 
dupheate for rapid cooling down of the 
plant, and one of these is cut oft 

the desired column liquid level 

reached In a steadily operating pl int 
inv dehcrency or excess of retrigeratun 
results in a decrease or merease in it 


ventory of liquid in the plant 


pears as a hangre in the leve 
oxygen im the reboler, and 

this lewel i made the basis of 

ition control by automatic throttling 


the nitrogen flow to the expander 


Flow Sheet for 120-Ton Per Day Oxygen Plant 


order to keep the throttling loss t 
nmimmum required tor control, the 


nozzle ring 1s sized to 


Fig. 1 


flow it the desired 


» Since, in designing 


considerable uncertainty 


vat leak figure. a set of nozzle ri 


raced sire provided 

zzle ring is used m starting 

rl itter teady operation 
whieved, the 
culated and in 

The power output of the expander 
normal operation ts usually about 2 

ot the power imput to the plant 

This ts absorbed by an air blower which 
operates im parallel with the maim air 


und thus reduces the load on the 


} 


98% OF 


later calculations 


to calculate the cost 
oft retrigeration. In this 


issumed that a molar b 


~ 


tained in each of exchange 
din the clean up ¢ xel 

an expande r efhcrency 
inlet pressure of 95 Ih. /s 


nthalpy drop. using the ¢ 
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Claitor and Crawford (4) 
Ib.mole 


is 420 B.t.u 
Not all this is useful refrigera 


tion, however 


since each additional 
pound mole of nitrogen passed through 
the « xpander entails additional 
warm-end temperature loss at exchanger 
B. From the this is 20 
B.t.u. /Ib.mole 400 B.t.u. as the 
net usetul refrigeration /pound 


On this 


diagram 
leaving 
mol 
through the expander basts 


each 1000 Bitu of 


reirigeration re 
quires the compression of 2.50 Ib 
of nitrogen. Refrigeration in the addi 
cold the ex 
pander Is imparted to the system by sub 
cooling ot the 


unl by cooling of high pressure 


moles 


tional nitrogen leaving 


reflux in reflux 
cooler 
nitrogen m exe hangers G and B 


Whether the 


to determine 


2.5) figure can be used 
the ot 
leak or of warm-end tem 
perature loss depends upon the position 


cost a particular 


item of heat 
at which this refrigeration requirement 

For example 
14H) Btw of heat leak occurring 
it the top tray of the column. This heat 
leak has the etfect of vaporizing liquid 
the 


occurs one tmeht con 


sider 


nitrogen from tray, tending to re 
duce the quantity of liquid reflux avail 
able for operation of the column. There 
tore flow at the 
ulditional hquid mitrogen 
supphed to the top ot the col 


ind 


to maintam the reflux 
cesired rate 
must 
thos 


umn results im an 


additional 


nitrogen compression requirement be 
vond that required for the expandet 


The 


flux is calculated as 


adkhitronal nitrogen flow for re 
follows: The latent 
17.2 tb. /sq.in.abs, is 
that the 1000 
1000 / 2380 


tor 


heat of mitrogen at 
2380 Bat u 
of heat leak 

0.42 Ibanole of 
6°) flash at 


Vaporizes 
\llow ing 
the valve, a 


reflux throttle 


value which ts obtamed 
ible 


1 plant of this capacity 


with a reason 
unmount of reflux cooler 


the 


surtace m 
additional 
the reflux 
This 0.44 


warm-ete 


mecreases 


uantity of leaving 
Ib.mole 
the 
temperature loss at exchanger # 
0.44 20 2.501000 


turther 


cooler become 


Ib. mole 


also 
result 
0.02 Ib 
nitrogen to be 
the 
B.t.u. of heat leak 
the 


ng m 
moles ot com 
col 


20 


pressed Phas presence 


it the top of the 
umn requires 
+ 0.44 + O02 
cen 
For the 
lumn, no additional reflux is required 


compression 
2.96 Ib 


ot 


moles of mtro 


heat leak at the bottom of 


there is an increase in reflux 


the top trav of the column due 


effective subcooling of reflux 


to ore 


v the mcreased cold nitrogen flow trom 


the expander, which reduces the percen 


tage of flash upon throttling. However 
this is a slicht effect which ts neglected 
(the temperature to which the reflux i 
subcooled is assumed constant) and the 
apply to 1000 
the 


assumed t 


the 


hgwure 


B.t.u. of heat leak at bottom of 
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TABLE 1 OPTIMUM 


Iulet Air, 70° F 


Air Flow — Nitrogen 


Temperature 
Heat load 
Heat transfer 


rence 
Bia he 


surface, sq.ft 


Installed cost of 
Warm end 
Cost of 


surface, 
he 
refrigeration, yr 


Fixed 
Total 


charges on « 


face, 
yearly cost, 
lacludes 
Yearly #258 


ettra surface 


M 


for cleanu 


cost 


TABLE 2 


Plow Nitroger 


Plow se« 


Temperature 
Warm end 


tren, Ih. moles hr 
difference 
and 


clean up loss 


anger 


sections required® 
Inatalled 


of exchanger> 


cost 


discharge pressure 
Air blower power, hp* 

Installed cost of air blower, & 
Fixed charges of 


of air Mewer power vr 
Cost of refrigeratior yr* 


air blower 


Fixed 
Total 


harges on 
cost, 


hangers, 
yearly 
Clean up lows 18°) of warmend loss 
for 
manifolds 
Th. / 


surtace 
neluding 


extra cleanuy 
abe 
* Vearty 


cost 


S208 M she 


column 
leak 
leak into the expanders 


This same figure holds for heat 
B and G, heat 
and warm-end 


fand B 


and 


into exchangers 4 


temperature loss at exchangers 

For 
heat leak in the clean-up exchanger sys 
the the effect ts 
equivalent to heat leak at the feed tray 
ot the this 
tray liquid ts evaporated, so that the li 
quid the 
before it is 

1000 Btu. of 
purpose will re 


warm-end temperature loss 


tem and accumulator 


column. In situation, feed 


has been 
ot 
Evidently 
for this 
quire the compression of some quantity 


reflux effective im 


upper hali the column 


evapor ated 


retrigeration 


between 2.50 and 2.96 Ib.moles of nitro 


TABLE 3 


Nitrogen Flow Nitroger 
section, Ib 


moles hr 
Warm end 


temperature difference 
Stu be 
on fr 


ib. mole 


ander nitro 


com pressed 
moles hr 
power for 1000 ta 
1000 he 
tiens required fe 


power for 
flow 


ost of compressor 
talled cost of expander 
ed cost of exchanger 


nvestment Kita 


Btu. 
required 


ed vt of exchangers, 
exchangers, 8 yr 
{ refrigeration, $/yr 


for 1 


harges on 


early cost Ih.mole yr 


Joule Thomson effect 24 
' 85% of expander power credited 
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TEMPERATURE 


Inlet 


LOADING 


Flow 10 


connections and 
rer 


effictency 


LOADING 


DIFFERENCE 


Nitregen 


Flow 


CLEAN UP EXCHANGERS 


mole hr 
ia 
34 


0 0085 


7“ 


netallativor 


gen 


ussumed that 2.73 Ibanoles 


As a reasonable estimate, it will bk 
the mean of 
applies to 1000 


requirement 


the above tw 
B.t.u. of 
the clean-up exchanger system 


hgures 
retrigeration 


In the economic balances given im the 
of this 
marily im the 


paper, interest is pri 


value of warm-end tem 
perature loss in the clean-up exchanger 
the 


changer B, on the other 


and in ex 


the 


system on one hand 


Phere tore 
costs of both types of re trigeration re 


calculated, for use at the appropriate 


pomts 


In either type of reirigeration 


additional nitrogen flow requires at 


OF EXCHANGER 


ble t in 


— ' 
1.0 mole, br : 
372 2697 2683 2669 
20.2 12 a6 5.39 
121.20 72.30 235 
20.9 aa7 74.6 
4.97 8.28 11.60 1400 14.22 
10.80 10.08 1284 9.95 aoe 
35.27 26.36 2444 2458 26.51 
Kia be 6 “4.1 
215.50 106.70 The 42.60 
Air drop im ex 
1.08 1.97 44 = 
Ib. 
19.05 19.7* 20.67 23.1 24.50 
215 0.24 0.327 #421 
11.40 14.95 19.90 25.70 
yr 2.85 74 aon 64 
11.42 15.27 227! 26 20 
| i 
| 
a 
4g 
if mole hr 
a0 ow low 140 
‘ 73 
2.1 iz 20.2 mt 45.9 
Net refrig 
gen, Bt 41s 407 rf | 
Nitroger 
(ompres hp 47 2 65 178 
Pachange ex 
pand 119 0.0615 0259 
fc 292 932 241 249 
Fived charges, $/) 166 122 107 
Yearly power ec 105 108 10% 114 117 
Exchanger B seme for 1.40 
Ih mole hr 0 ‘ oom | 
Insta 160 a0 00 00 
Fixed 40.00 20.00 13 
Cost 2.88 436 7.2 
} 


below 


umed 


crease m capacity of the compressor, the 
exchanger H exchanger 
reflux cooler. The last two items 


vely mall exchangers, and 
| 
first cost ts neglected 
nitrogen compressor with all 
the ustalled cost is taken at aor” 
J 
tor the expander, at $150 
exchanyer assumed t 
‘ 
standard sections (to be dh | 
loaded at the rate of Bn 
(hour) (section am! val ° 
section neluhing many 


und installation. The Fig. 2. Optimum Temperature Differ- 
ence for Clean-Up Exchanger. 


tage efficiency of the mitre 
Preliminary analysis. 
taken at iwerage 
upon typrea \iericat 
centrifueal compressor nitrogen compression requirement 
e. The power output of the 273 Ibmoles/hr. at a retrigeration rate 
asstamedd to he transmitte: ot WOO) Bota. /he For this the im 
y blower with an efficiency Yestinent costs are 
sllow for transmssion and Nitrogen compresser hp at #2 
Rxpand bp at 15 
Phe investment cost of Fepander 655 section at $52 
blower ts unchanged, simec 
that this 1 ized] te take 
The vearly cost ws given by 
wd, udependent of the 
rmally taken byw the expander hp h e004 
ved barges 
It assumed that the - 
Vil avs (R640 by Total yearly cost of 1000 Br he 9236 
w tret the case of warm This is equivalent to a cost of 276 
clean-up exchangers, the cents /1000 of retrigeratin 
sf 
‘ 
4 
| 
po | 
440 
A 
330 
26 


Y 


a @O 140 160 
FLOW PEF SEC TION 


Performance of Standard Heat-Exchanger Sections 
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For the case of warm-end loss in ex 
changer B. tor which 2.50 Tb.moles /h: 
of mitrogen are compressed, a similar 
calculation gives a yearly cost of $216 
for 1000 of retrigeratior 
based upon an exchanger # loading rate 
ot Th.moles/(hr.) (section) For 
other exchanger B loading rates, retrig 
eration costs are calculated m the first 
part of Table 3 


Optimum Warm-end Temperature 
Difference 


Chis problem will be considered first 
tor the case of the clean-up exchangers 
winch require the majority of the gas 
to-gas heat-transter surface in the plant 
In an exchanger operating in this serv 
ice, the air and nitrogen streams are 
both at low pressure, so that their spe 
cific heats are almost identical at the 
same temperature. Thus, for balanced 
thaw. the temperature difference betwee 
the two stream is essentially constant 
throughout the entire length 

In the early part of this work, a rong 
approach to thi halane wis 
made by neglecting all tactors except 
the cost of retrigeration and the tixed 
charges on the heat-transter surtace 
For an analysts of this t as 
sumed that gas-to-gas heat exchanger 
are available with extended surface im 
both the air and mitrogen passages. The 
over-all coethcrent of heat transter per 
unit of direct surface is estimated at 
OO Chr.) and the 
installed cost is estimated at $6.00 /sq. it 
oft direct surface. On this basis, result 
viven m lable 1 and plotted m I wure 2 
uheate an optimum temperature differ 
ence in the range of 7 to 8° I 

It was on the basis of a crude analy 
" this type that preliminary require 


ments were established for the develop 


ment ot mass-production heat-er 
changer units (/2) tor use m all size 
oft tonnage plants. As finally develope: 


these standard units are 10 ft. long, an 
two of these units im series are consid 
ered as a standard section. Any number 


of such standard sections may be mani 


tolded in parallel tor use either in clean 
up exchanger service exchanger / 
service, or exchanger 4 service The 
heat-transtet pressure drop per 
formance of a standard section 
clean-up exchanger service is shown u 
the lower part of Figure 3 

\s these standard heat-exchanger 


sections have beer wdopted the problet 
now becomes one of determining tl 


loadme rate of these sector 


n clean-up exchanger service Anu 
reas in load ne rate which reduces 
the number of sections required, nm 
reases not only the retrigeration re 
wired to overcome the warn end te 
ture tos of the 


| 
ane ‘ 
them 
wee 
/hp 
hp. He 
cussed 
(a) tht 
of 67% 
multistage 
ths ive 
expander 
or 
ie: 
the manu 
it he full 
\ 
| 
CLEAN: UP EXCHANGER 
ey TEMPERATURE 
PRESSURE CROP 
am SOE 
, ff + ‘ + +406 
/ 
] | ] ] ] Bm 
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power required to overcome the fric- 
resistance to and 


Table 2 shows 


tional air 


flow m the exchangers 


nitrogen 


un economic balance of these factors, m 


cluding cost of air blower, cost of air 


blower power, cost of refrigeration to 
overcome warm-end and clean-up loss, 
Minor 


which are neglected in this table are the 
changes in 


unl cost of exchangers factors 
the cost and power require 
the exhaust 
and changes in cost of the 


ment of nitrogen blower 
air-scrubbing 
and dehumidification system due to the 
} pressure The 


change air-blower 
resistance also changes 


change in flow 
the pressure in the column, thus chang 
ing the the 


rebouler resulting change in the 


temperature difference in 
The 
the 


tound to 


reboiler surface has been 
affect this only 
slightly, and ts therefore neglected for 
simplicity. 

Results are plotted as the 


of Figure 4, 


cost ot 


analysis 


upper curve 
and indicate an optimum 
tbout 68 Thomoles 


loading rate ot ihr.) 


fsection) corresponding to a 
ture difference (Fig. 3) of 


The loading rate 


tempera 
OR F 

ot exchanger # is 
restricted. dy the pressure drop im its 
Thus 


m which nitrogen from 


low pressure side may be seen 
trom Figure |] 
the top of the column is returned to the 
milet of the 


nitrogen compressor by two 


paths first path consists of flow 
through the 
the 


reflux cooler 


clean-up exchangers, and 
second consists of flow through the 
through exchanger G, and 
\tter the 


heen established, and there 


through exchanger B load 


img rate has 
tore the pressure drop on the nitrogen 
the 
Bis 
just 


m the clean up exchangers 
maximuni loading rate im exchanger 
that which will 
the 


Using designs of the 


then determimed a 
the 
the 


rake 


patl 


pressure drops ot two 
sane 

reflux cooler and of exchanger G which 
require only 


pre 


shght pressure drops on the 


low sure side, the maximum loading 


rate of exchanger FB is found to be 60 


Ibamoles / ) (section 

ot the 
still be 
that the opti 
will be lower than 60 Ib.moles 


the basis of 


However, an economic inalvsi 


exchanger FB loading rate 


since it 


s possible 
rate 
carried 


the 


ecthon 
Table 3, on 


temperature 


difference curve given m 
Pre 


ssure side of ex 


tive upper Figure 3 


the 


high pre 

gible factor m these 
lations 


the warm-end 


verature loss 


Table 3 change m 
load 


the 


change 


due to 
rate, results in a change u net 
rigeration per pound mole of nitro 
There 
table is ce 


the cost of 


through 
rst 


en flow the expander 


part ot this 


recaiculation otf 


to a 


etrigeration for the various loading 
rates by the metho earlier in this 


giver 
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to wo 


FLOW PER SECTION .6-MOLES/ HA 


Fig. 4. Optimum Heat-Exchanger Loading Rates. 


Table 3 de 

vearly costs of flow of 1.0 
as the 
sum of the vearly cost of the exchangers 


und 


paper. The second part of 
termines the 
Ibmole /hr. through exchanger AB 
the yearly cost of retrigeration re 
quired to overcome warm-end 
loss at B. Results are plotted m 


Figure 4, and indicate 


temper 
ature 
in optimum flow 
60 Ib 

load 


rate considerably in excess of 
the 
it 60 Ih 


hasis ot 


moles /(hr.) (section). Hence 
set 
the 
the pressure drop limitation 

the 
relationship between exchanger B 
the 


analysis 


ing rate of exchanger Ff is 


moles /(hr.) (section) on 


Because of pressure drop inter 
andl 
clean-up exchangers, a rigid 
would the 
rates oft units 


the 


more 
determine 
both 
In this method 


optimum 
loading simultan 
loading rate 
adjusted to 


corre spond to the assumed loading rates 


cously 
ot exchanger RB would be 


of the clean-up exchangers, and atter 
weighting by the appropriate flows, to 
tal Addi 
thonal th 
cost of the rebouler for changing column 
and the 
for changing back pressure on 
all these 
small and apparently 
that the 
inalysis yields about the same optimum 


would be determined 


costs 


refinements would correct 


pressure value of refrigeration 
the ex 
However 


pander factors are 


relatively cancel 


each other, so more accurate 
loading rates as found here 

For the 
ure drop on the low pressure (oxygen } 
tactor 


bor 


case of exchanger 4. pres 


will again be an mmportant 
most proce which oxygen 1 


the 


In 


used oxygen is compressed to a 


higher pressure. In such cases, pressure 
drop in exchanger 
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/ will have value in 


thi 
the 


terms Of compre ron and 


be evaluated in 


power 


can only terms ot 


particular process involved. In view of 


this uncertainty, and because the sium 


iace requirement of exchanger 4 
relatively small, the sumplitying assump 
that the 
1 is approxm ately the 
the 


section 


tion is mack loading rate o 
exchanyet 
as that of exchanger B: Since 
tormance ol a standard 
close to its pet 


the 


changer 4 service ts 


formance in exchanger service 


issumptiion of equal loading rate m 


plies that the warm-end 


temperature 


differences will also be 


the 


approximate 


Optimum Compressor Discharge 
Pressure 


determimation of the optimum compres 


halance involved in the 


hay visual 


the 


sor discharge pressure 


An 


COMpPTes discharge pressure MCTCAses 


ized a tollows imerease in 


the expander pressure ratio und there 

the 
(« xpander ethcrency as 
) 


the higher pressure causes a ce 


fore mereases enthalpy drop per 


pound mole 


sumed constant at Simultan 
cously 
crease in warm-end temperature differ 
fand re 
ma smaller warm-end temperature loss 
Thus, the expander nitrogen flow is de 
creased for the 
the 


exchanger 


ence at exchangers ulting 


ame plant capacity, ce 


creasing surtace requirement of 
the ex 


decreasing 
the 


unchanged 


and 
pander power. However 


flow required reflux 


the 


tor 


and over-all decrease in nitrogen 
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Fig. 5. Optimum Compressor Discharge 
Pressure 


colunu 


pre 


ure 


ten 
othe 


exponent al tow 
ture lifferenes ure 


hee 


Fig. 6. Reflux Requirement for Various Percentages of Oxygen Recovery 


the average stage ethcren 


In the calculations 


iM 
effects of decreased cot 


power, and 
ul 


in 


about 73 ver 


lable 4 
cost 
tend 


disc harge 


nitrogen 
umumarized m the 


Figure 


ite 
omereased COMmMpressot 


to 


plotted i 5 pressor 
the 


optimum 
hehtly 


sst ethcrency increan 
it about 105 Ib TL compressor pressure 
mld be noted that the compress is the plant capacity is imereased 


the 
n Tabk Optimum Number of Column 
Plates 


uit ible 


ity 
solution of this problem an 


Wa ‘ 


capac For 


terisive 


ried out to determine 


series of calculation u 


the reflux require 
i function of number 
The « 


ment 
for a 


is 
t x 


fort 


nercase 
ingle colum 


held es tant 


leet 
ity 


mute, approximately uit 
oxveen recovery 

the moles of 


plant 
fined a 


it about 
preniuct 


1) 


excellent 


itent it 


reflux 


total 


Ose 


1 the cury 


number 
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flow does not compensate for the i (Caleulations are made on the basis of 

crease nm pre ure rateo at the con pre ole 

te there i net werease im com rebouvler. an 

or cost and power con Result are 
Ihe other large effect ox ‘ heate a 
nefease om omitrogen It 

tint i me rease n the ten costs pet cpowe 

erature <«ifference result or efficrencre giver 

‘ ike ‘lect im tir tace re ‘ pre ‘ . 

ex 
ratiste «ett ent t lwuler rises let u.it./mm 

ot st chines are mereased 
4 cost pe wrsepower decrease 

we a nor other efficiency 

‘ ‘ iwges compre ‘ 

m. mar t ang 4) ole ¢ 

tite eflu uml of ex pert ‘ 
w he 
wwer ¢ ul changes in heat leal 

ese actor re agam neglecte cost ‘ 

the a feed, was varied trom ¢ 

ws Relative volatihts ere based 
hour of trog low recent correlate i (laitor and 
° be neglected in these calculation with 
is out appreciable error, the three-comp 

red " wt nent Vater was handled byw trav-by 
tray method, using fictitious molecular 

ta 14 weights to sate tor difference 

tage « in agreement with severa 

\ ‘ » vhiel eat and matet halanece cre 
tel au ! Result ire plotted in Figure 6, 11 
which the ordinate represents the 1 

of liquid HEE entering the top tray 
10.8 For cach of Figure 6 
‘ ‘ 14 the optimum HE of tray eter 
ned as an economic balance of the 
‘ “2 ¢ “ae ae an 
‘ i ‘ upplving liquid reflux t the nt 
a 
‘ Sucl ulations were carrie fon 
war each of the oxygen recovers ut 

Ware ‘ t id ‘ 
ed example t enim Table 5 tor the cas 
‘ recovery In th ta the cost 
t the trav taken to be trena 

age 50 
eh P 84 February, 19 


te 


Fig. 7. _— Number of Trays for 


Various Percentages of Oxygen Re- 
covery 

to the flow of top tray vapor, ie. a 

constant velocity is assumed 

Also, it should be noted that the v por 

rate will be considerably higher above 

the teed than below the feed, so that 


two different tray diameters would prob 


ably be used for each column. The cost 
per trav used m Table 5 ts mmtended to 
be an average figure to cover both tray 
chametet Fortunately, for all columms 
the number ot travs below the feed ts 


equal to the number of 
so that the 


justified 


ippronimate 


tray ihove the teed use of 


m averawve trav cost 1 


The cost of supplying reflux to the 


column imecludes the cost of the reboiler 


cost of the compressor and the cost ot 


compression power tor the reflux nitro 


In acdition, the 


yer cost ot exchanger 
BR to handle the reflux nitrogen, and of 
the retrigeration to overcome the warm 
loss at must be included. 
lable 5, the latter two items are handle 

together, using the vearly cost fron 
Table 3 for this purpose As betore 
the costs of the reflux cooler and ot 
exchanger G are neglected. Also neg 


lected m these calculations are the 
eftiects of the 


m the ce 


char In pressure drop 


lumn resulting from changes u 
the number of trays 

Results are plotted in Figure 7 from 
that the 


ites 


which it can be seen optimum 
theoretical p 


number of mecreases 


eventeen at recovery to 


5« 


trom 
twenty-five at « recovery 


Optimum Oxygen Recovery 
The 


optimum recovery is obtained by 


idding to the minimum costs from Fig 
ure 7, the costs of supplying the quanti 
hes of air corresponding to each oxy 
gen recovery Phe cost of supplying 
one pound mole of air may be deter 


The 


cost given by the upper curve of Figure 


mined as follows minimum yearly 


4 includes the cost of the air blower 
the air-blower power, the clean-up ex- 
chat ger and the retrigeration required 
tor the warm-end and clean-up loss at 
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the clean-up exchangers. To this is 
added the installed cost of the dehumidi 
heation system, which is estimated at 
$96 /i(lb.mole of and the 
power required for its operation, which 
is estimated at 0.077 hp.hr 


air. There is 


air) (hr.), 


Ib.mole of 


Yearly cost from Figure 7 
Fixed charges, dehumidification «ystem 
aur 025 a4 


Vearly power cost, dehumidification «ys 
tem = O.OTT hy 0004 
Total yearly cost (th mole of air he » 


This result has been used in the 
Table 6 
plotted in Figure & 


prep 


aration of and results are 
An optimum recov 


ery of 9F.5°. is indicated 


lhe 120-Ton Plant 
the 120-ton plant (Fig. 1) 
caleulated on the basis of results given 


Phe cycle for 


has been 


ibove is tollows 


Production rate, 956 oxygen 


(ontamed oxveen 310.5 O95 


\ir rate 295 /O.9R5 & 0.271 

Warm-end loss, clean-up exchanger: 
92° F. x 6.96 1427 

(lean-up loss 07 300 O18 


Heat leak 


estimated 


Total losses affecting reflux rate 


In the column calculations 


fed to the column as a saturated vapor 


mentioned 


\ 


exvesn 


Fig. 8. Optimum Oxygen Recovery. 


Based column calculations 


the composition of the products ts the 


upon the 


following 


Preduct 
Nitroger 21 
Argor 
(aygen eso oa 
310.5 /hr 
295 Ib.moles he 
1427 Ih.moles hr 
07 300) Baotou. /he 
17,500 Bota. 
3.000 
144.200 /he 
above, it was assumed that the air is 


Since the nitrogen leaves the top of the 


column as a saturated vapor, there is a temperature difference of about 10° F. in 


the clean-up exchangers for 
equivalent to a warm-end loss of 10° F 


Potal losses reflux 
Extra reflux required 


Reflux tor distillation 


requiring extra 


S105 


Total top tray reflux 
Nitrogen entering reboiler 
W arm-end 

} 


exchanger 
310.5 


loss 


6.96 


which no extra reflux need be supplied 


45.500 /2380 2 
204 


024/0.94 


6.96 1427 99,300 /her 
45,500 /he. 
10 Ih.moles /hr 
"14 Thomoles /hr 
924 Ib.moles /hr 
GR3 Ib.moles 
(54 24) 


6.500) /he 


Warm-end loss, exchanger # (not including 
expander flow) 310.5) 
(53 24) 6.96 13,600 
otal losses (not including expander flow ) 164,900 Btu. /hr. 
Expander flow 164,900 /(420 — 20) 413 Ib.moles /hr 
Nitrogen compressor flow O83 + 413 1.396 Thomoles 


TABLE OPTIMUM NUMBER OF THEORETIC AL PLATES 0° RECOVERY 
Bas) 1 ibmole of Oy product/hour 
Number of theoretical plates 2 
Top tray reflux, tb moles /br 
vaper, iba her! 
of trays, 140.5 232.00 
nitrogen flow, Ib moles hr 104 ‘ 
essor power, hy 420 
of compressor, 2e2 00 
ost of reboiler, 45.36 
Fixed charges on compressor, 70 50 
Fixed charges on reboiler, $/yr 11.38 
Fixed charges on trays, € yr 47.38 
Cost of power, 8/yr 145 20 
‘ t of exchanger B and warm end lows, yr 53.70 
Air flow reflux flow oxygen flow top tray vaper 
Average per theoretical plate ix b.mole) (hr. top tray vapor including costs of 
insulation, cold box truetural steel and erectior 
Ir des 6% wance for flashing at reflux throttle walwe 
*From Table 4. #14.9¢ bunole) (hour of reboiler nitrogen flow 
From Table $17.69 yearly cost for 1.0 Ib mole br, based upon loading of exchanger B at 


60 ( hr.) (section 
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TABLE 6.— 


t ‘ 
120- tor 


te 
the 
et 


ib mole 


{ 


RECOVERY 


Or produ hour 
, , yn 
476 4.00 450 iM 
“1 29 1 ‘i 
FQuIREMENTS 
nde 
steam Nate 
kw n 
‘ ‘ 
2 
“4 
i 
4 
i 
‘ 
General Remarks 
Potential users of tommage oxveen 
vhen exploring the various processes 
tten ask the question How nue! 


power does the proce require per tot 
While the er require 
ent given m Table be typical of 
plant for many locations ix 
the United State t till true that a 
hange im power cost or the 
ite of txed charges will have a rhed 
the howe af cle on 
the pr bile sriatios 
] ren thre fact 
that t m con r discl wre 
essure in Table 4 from 71 1 

115 nab rea se the 

is il t vari ermal te 

ire esult na chang 

‘ power bout 15 

os 
i 
i i 


tirely possible depending on the pat 


ticular economic situation 


These «differences are particularly 
noticeable when comparing imformation 


on European oxygen plants with Amer 
in plants. It is apparently true that 
the relative magnitude of the value of 
to the 


te 


power value 


of equipment ts cor 
siderably greater in Europe than in the 


United States. so that im | urope, great 
emphasis is placed on economy of 
power Phis results. in oxvgen plant 
evcles in lower COMDpPres sor discharge 


pressures (4.5 to 5.5 m 


lower warm-end temperature difference- 
(3.5 to 7 


atm. abs.), 


F.), in lower pressure drops 


ind im higher compressor over-all efh 
crencies rhus, the stated power con 
sumption of European oxygen plants 
may be as much as 3c lower than 


hgures quoted tor American plants of 


comparable capacity, A paper by Schui 


tan ( ) ts a good example of the Euro 
pean approach, and it is interesting to 
ompare both his cycle assumptions and 
hts tinal power figures with the results 
viven mm the present paper It should be 


noted, however, that in his discussion of 


the Rescol cycle Shutftan uses a retlux 
tte which, according to our calculations 
given in Figure 6 of the present paper 
too low itter allowance ts mack tor 
flashing It mav be that Shuftar 
neglected] te make tllow ance Ton 
flashing at the reflux throttle we've 

In a recent comparison of power re 


quirements Of oxygen processes, Bliss 
use a wide variety of 
vhich the authors state im 
trocuee im uncertamty of 
cir comparisons Chev also 
seem to neglect such item is switchime 
regenerator losses im acety 
the cr lune mit etlect of eat leak 
rel other om oxVeen recovery u 
double polar t In the case of 
therr evwele 7-//-4 wh resembles the 
evel tow ditheult t ce the 
tur oT t vloch wouk! 
6 the nrtroge t flow t 
le 
i ‘ Cese 
M 
‘ 
Me i4 
$1 ‘ 
$4554 
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tility require 
ee en m Table 7 
cluded as Fie 
is Costs of Oxygen Production 
the ha or the require 
nts wivet Table 7 tot on 
no production tor the plant is 
n lable The frst caleulation 
ves the oxygen production cost hased 
« the tixedd charwe rat 25 the 
te has been used throughout 
oxygen cost at 
aly rate hich 
«lustre ‘ 
t result trom 
the Oxy 
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rel it 
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Whatever 


issumption 


eT 


Fig. 9. Plan View of 120-Ton Plant 


it seems lkelw that 


the 


Bliss and Dodge 


the 


hy 


this ts caus untavorable 


power comparisot found cvele 

7-11-A.* 
Another 

balances play 


oft the 


tor 


problem in which economi 


an important part ts that 


production of enriched air For 


i number of application 


particularly in the steel meadustry, the 


xvgen desired is considerably 


95°). Such 


purity of 


lower than low purity oxy 


yet vav be made directly m an en 


riched 


uir plant, or may be made by the 


mixing of higher purity oxygen with 


ariter 


stati 


+} 


t 


te 


+} 


take 


this 


ote that Bliss and Dow 


fl 


e-Frank! cyck 


wed tor 
stream 
diagrams 
enthalpy balance 
entering the col 
atter thr 


for « 


alent unt of must bx 
the pressure 
checked with 7 
moorrect tor an 
the 
umn as a saturated 
In tact, there 1. 


air even this far other than economy 


at 
oolme of 
\s 


ths ts 


mitroger 
suche 
may tx 
stream 


hased on sicte 


the 


re 


no reason woling 
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with the 
clean up the regenerators successfully 


which 
compared 


importance 


alulity to 
I hus 
ription of the 
which states 
the 
quantity 


is confirmed by an early des 
Linde. Frankl 7 
that the 
ugh pressure 


process 4? 


nitrogen coolmeg oft 


air is of the 
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Adsorber 
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i 
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the expander (ther Table 8 
their other cvcles require only 75 po rrr | 
32) expander flow. This should be 
ompared also with Figure 1 of the ee 
present paper which shows less than 
ture of Ihe oor made 
* The vam EE oppor 
tunity to are also 
in error she of high 
ressure arr used m the Lind 
«ss not result in unbalanced How m the 
regenerators. These authors reach this con : 
clusion bw calculating that at least an equiv- ola 
Vol. 46, No. 2 


Ind. Production and Use of Gaseous 
(oxygen, 22 (Feb. 13, 1948) 


Simpelaar, mn, D., Paper 
presented at annual mecting 


AS.M.E. New Yo 
1949) 


> - + 


( December 


Discussion 


C.W. Perry (Phillips Chemical Co 
tartlesville, Okla.): In previous stud 


ies, tt was thought that perhaps this 
process, namely, the Lihott, would take 


up to 2% more power compared wit 


the best of the Linde-Frankl v ariations 
This 


was partly because of possible 


smaller warm-end temperature differ 
ences in the Linde-Frankl regenerative 
type heat exchangers compared with the 
imhrect Elliott ones However, whet 
ill factors are taken into account, in 


luding the switching losses every tw 


or three minutes in the Linde-Frank! 
type processes compared with one hour 


A or more tor the lott process, it was 


telt that the power requirements would 


tavorably The Elhort process 


‘so 200 300 208 300 expected to give maximum operability 
PLANT CAPACITY, TONS OF 95% OXYGEN PER ODay ind on-stream time The method of 


producing column reflux give more 


Fig. 10. Estimated Investment and Production Costs. flexibility to the Elliott process thar 


ther 


r. For example, the 4 Acknowledgment plants in the synthe oft liquid fuel 
Lt) Uh 1 oxvgenated chemicals ror ind teel 
enrich or plant would require The writer wishes t —_e" > iis ap tv ga et have been pointed out 
hie destillation of about preciation to Ann Kindelar wh cat adequate n the literature Svnthetn 
‘ Om the other ham ried out most of the column calculations hquxl tuels trom natural ¢ ire not 


produc thon 


t 


ow 


ybout of ssof B h 


eTting ral ga qu 
Literature Cited 
ever, tuture svuthetic tuel development 
it hin thre t Bishor based on coal will pre ring tor 
ewhat preate powe cm 186. 7343 nage ‘Veen 1 that tre wy t expec 
er, the optunum xveen purity (lantor, ¢ Crawtor | value ts It has been that 
clues 
With respect to oxvgenated 
tite wl ot Camverting thi wae chemica currently these seem to be u 
tor the rato ot cap 14 1935) lequate supply, and that development 
tal cost t power cost whi prevails u X Karwat, | Stahl und son, 68, 45 i be lowed up It is mv opinion 
/ the United States, it ipparent that the ( 1948 wwever, that the erection of tonnag: 
purity ‘ ppreciably oxygen plants is m an incubation period ¢ ‘ 
Zi 
Drage For the Elliott: syste Roberts, I Aronsen, DD \tchesan it the present time and that ultimately 
estimate indicate that the optemun M.. Claitor. L. C.. Cost, J. 1 am they will come up to the original ex 
purity will be not far from but Crawtord, D. Ind ( hew pectancres 
UY) 
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EVALUATION OF EQUILIBRIUM STAGES 
AND TRANSFER UNITS 


KUO TSUNG YU and JAMES COULL 


University of Pittsburgh, Pittsburgh, Pennsylvania 


The first part of this paper presents a simple correlation for the calcu- 
lation of the number of transfer units, (N.T.U.), at finite reflux, for 
systems with constant relative volatility in a packed fractionating col- 
umn. A rapid graphical method replaces the tedious analytical solution 


with a maximum deviation of 6%. 


A close similarity is found when the 


new correlation is compared with two existing correlations developed 
for plate columns. The precise relationship and analogy between the 
plate column and the packed column are considered. 


The latter part of this paper presents a simple type of equation, involv- 
ing only two constants to represent the vapor-liquid equilibrium rela- 
tionship for many nonideal systems. An equation is also developed for 
the determination of the minimum number of equilibrium stages which 
shows close agreement with the graphical solution. Successful applica- 
tion is also made of a new equation to determine the minimum number 


of transfer units. 


( ALCULATION of the number of 
A transfer units in a packed column 
or the number of equilibrium stages u 
i plate column has been solved by var 
ious graphical (3, 12, 15, 22) and 
analvtical method (6. j 


17, 19) Phe former method provides 
solution tor 


method applies only to 


a more general all svstems 


while the latter 
relative volatility, a 


systems where the 


is assumed to be a constant. Several mm 
provements have been propose d (1,4,5 


of the number of transter units 


in the graphical determination 
The re 
ire some empirical correl 
calculation of the 
equilibrium stages in the plate columns 
Nomographs (78, 20) and 
_graphs (&) have been developed to sim 
plify these « ilculations \ sound corre 
still lacking for the 


number of transter 


itions (3. 
for the number of 


quadro 


lation, however, ts 
calculation of the 
units 

\ simplified method is, therefore, pro 
posed for the calculation of (N.7.l 


and equilibrium stages in packed and 
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hased on the 
proposed empirical relationships. In the 
shall divide the 
variable rela 


plate columns respectively 
present discussion, we 
systems constant or 


ti volatility 


Systems with Constant Relaticn 
olatiity 


1. Correlation for Determination of 


Vumber of Transfer Units (N.T.U.) 


2R+R (2Ax,+B 


2\/B2+4Axp (2Axy +B 
2k’ + 
2\/ B? — 4A’ 


(2A’ xp + 
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The number of transter units m a 


packed fractionating column, if the gas 


phas« resistance 1s controlling is given 


as follows 


Under the condition of total reflux and 


constant relative volatility quation 


i] has been mtegrated (3) to give 


For the condition of finite reflux, Equa 


tion (1) has been integrated (6, 5) tor 
enriching and stripping sections respec 

tively when a saturated liquid is used 
The Dodge-Huffman equation (6), as 
applied under these conditions, is written 


as follows 


\ Re 4 4Axp) (2Ax, \ Be 4 4Arp) 


| 
d\ 
fe 
| 
é 
bd 
.7.U.) 
in 
(2A’x,, + B’ —\/ B? — 4A’s,) (24's, + B+ BY? — 4A’x,) 
1. Arp? + — tp 1, + 
- in ? in 5 
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Fig. 1. N.T.U. Correlation 


elated by plotting curacy 
Mot \ comparisor 


calculated incl 


Kk as shown in Fig caleulat 


between the 
ithon hased on the 


graphically determined 
ilues using Figure | 
lable 1 


Since 


variable 


rrelatiomn 
vleulation whet mim 
trom 


her of fer units » condi 
trom ‘ 

Tem 
heen 


the 


{ 


plate columms similar t 
Figure | have beet 
vn aml Martin (2) 
For purposes 


eplaced by 


Brown and Martir 


reoxluced 


iturated 
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FIGURE 
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es 
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> 4 
— 
12 
¥ 
re con i the 
j Wie ure | This cor 
iollowing range of 
{ 
ly rder ¢ \ x44 to S34 i 
Cevelop a P os Nster unit ess than mone 
place ‘ ee inalvtica 
Hation, af found that the number \pproximately 150) points representing ( urison of Cerreclations RB, 
mister units at finite the systems of constant a are involved wen Packed a 
rethu il tinvolwing var done algebraically u ne Eauntios rat 
hte abies a, tp» aml vy, ! the number of umd «3 tor total and finite reflu = posed by Br 
vhen the teed is 
CAL ‘ AND VA FROM correction ot (io: 
is in Figure 2. Like 
wwe . correlation has he: 
‘ 
‘4 
if 
a4 ‘ 
‘ 
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No notable error is found in these 
issumptions when # is greater than 10 J 


From a study of Figure 2 a maximum / 
deviation of about 10% is found be es 
tween Brown and Martin's and the ap 
proximate Gilliland correlations over 
the range ot _- R trom 0 to 0.95, The 20 sp 
correlation of for the packed 
> 
column, as presented in this paper, . / 
= 
agrees closely with that of Brown and 
Martin for the plate column with a 3 * ao. 
maximum deviation of 5° over the z Ps 4 
range of R,/R from 0 to ORS. This « 
shows the close similarity between dis- “A 
tillation in plate and in packed columns. . y x 
di 4 GULL AND (APPRORIMATE) 
( Relatwnship between Packed and gnown 
‘late Columns. The mathematical rela a“ 
tionship between the two types is readily 
2 
erived under the condition of total re 
tux. The minimum number of equili 
brium stages for a plate column devel : 
oped by Fenske (9%) is given as ° oe os os os or os os 
Pig. 2. Comparison of Gilliland, Brown, Martin and Present N.T.U. Correlations. 
By the expansion of a logarithmic series . ‘ 
quathens (0) ind (8 reveal two (23 to represent the phase equilé 
t is tound that for values of a between 7 
a facts. First, the ratio of (N.T.U.) © brium relationship with not more tha 
1.0 and 1.6, the following approximation > 
inl # is not only a function of a but four constants. For highly nonidea 


} } 
can be mace with an error ot not greater 
of the terminal conditions of svstems encountered m distillationg 


We 

pan OX separation, as defined by / Second such as the ethanol-water system, th 
2/ l ) following relationship can be used 

a+l1 

\ 
( ombinineg this ipproximation ‘ ( 1 —) ( xp + ( ) ( ) +d of 

quath " 2 and ‘ 4 one obtains 
vhere and x represent the vapor and 
(N7 “a ) when the separation is nearly complete  liquidd composition respectively, Equat 
“ ] a7 or when a ts close to unity, the number tion (9), although originally used @ 
(8) if equilibrium stages will be substan- constant temperature, can be used une 
, tially equal to the number of transfer der the condition of constant pressur@ 
units. as shown by Dodge and Huff For uexlerately nonideal systems, lik@ 
(N.7 Ja a l l man's calculation (6) The following those hown in Table 2, the following 
in l 1+ riteria can, therefore, be written = 


From the close similarity between the 
correlations for both packed and plate 
columns discussed im section BB, on 
Part Il Von-ldeal Systems relationship with only two constants ts 
may conclude that for values of / ] 
- one sufficient to represent the data with a 
ot vreat thar the lolhowing re l-quiuthr ‘clatronship 
= maximum deviation of less than 2% 
thonshay empirically true ulation of a basic equation for the | 
hil lat over a concentration range of not less 
u equi up than 0.04 to 0.96 mole fraction 
(7 for nonweal systems is necessary be 
m tore any developments can be mack 
» It ts recognized that, while empirica ( ) 
Substituting bquation (7 n iquation \ 
comstants are mevitably involved, ther 
if tive / equivalent t i theor 
- number should be reduced to a mini A detailed discussion of Equations 
etical plate s obtained trom the follow . 
wn \ power series ior example (9) and «10 heworl the cone of 
can be used as shown bw Eshava (7 this paper 
2a le 1\/1 but the number of constants should be The advantage of using Equations 
( \ j it least four in order to obtain a fairly umd (10) im preterence to the 
good agreement \ tormula has heer power series can be seen bw the follow 
lerived empirically by Yu and Coull ing examples Eshava (7) ihe 


CHEMICAL ENGINEERING PROGRESS 


Page 91 


a 


. 
2 
| 
| a 
| 
| 
2 rp k>1 or 
2, ry 
Vol. 46, No. 2 
1 


following expre 
benzene 
deviation of 45% 

For the nth plate, one 


cient 


deviation 


= 
[here are 


azeotropi 
(iv 
value of b 
‘ 


4 olution 


TON 
as Wher 


comdition where ov > 
Fig. 3. Graphical Representation of 


two roots with 


root extrapolated 


dentical wi 
um number ound 
} 
total reflux, The resux 
: n where the 


stant 


total reflux, the 
hing trom the 
he une that 


STANTS FOR Ligt 
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obtan 
In this case, Equation (10 uth | 
three cases ¢ essed by 
depending en the 
1 b is equal to unity 
ae Eq. (10) 
Equation (11) reduces 1 
| Calculation of Minutmum Number ( ) ( r, 
Stages for a Plate Co l r, 
i th Fenske equa 
us 
A ) ] 
is ay ed to the 
ative latelity 
' thon (10) ts used to represent the equ con 
ib relation 
ecoml root give the azeot relation hip 
~ thw kor the vstem From quation (10) one obtan Where 4 
the first plate om th t nm unity 
ecduce losely ero (if ( Tp In this case the geomet “ries in 
xponent can be « cate hen & 
nity «it lia own im Fieure 3 l 
ess than r greater t t 
tetice therete the 
since at pers ation lo 
{ i} co t juaty Vapor erond 
4c ‘ t pplied to a syste plate shou hn) 
| l 
tet evaluated wccording 
uation «i ar Fable 2 then 1] there tore eX 
! the valu ia and re 
ote nel that the maxenur 
Be 1 the pt } 
praration nly weeder t ens 12) 
the algebraical solution desir 
means that the values 3.53 { ) am ny subscript 
‘ ra range trov 1 
because of the nature of the rom ots 
hee Equation (10 )reduces to the aqua l 1 
thor constant volatility if cos 13 
ral OCONEE BRIUM SYSTEM 
the minimum number of equilibrium 
tage at the condition total rethux 
Ker tor a nonieal syste It should be 
New pend noted that Equation (13 true onlv , 
for the systems whose equ rium re 
‘ 
! | tion «10 lable 3 the esult of 
Car trachlorids ipplying Equation (13) compared with 
Cart a the vctual gt hical cor putation The 
127 de ‘ to be 
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27% which is within the accuracy of 
a graphical solution 

For a small number of highly non 
ideal systems it is necessary to use 
Equation (9) for the equilibrium rela 
tlonsniy Although no general solution 
has been developed to date for highly 


been found 


nonideal systems, it has 
that the equilibrium curve for such sys 
tems can be divided into two portions 
and that each portion obeys Equation 
(10). 

This technique has been apphed to 
the system ethanol-water The point 
of division is taken at 0.5 mole trac 
tion treatment shows great ad 
vantage in computing the number of 
equilibrium stages near the azeotropic 
composition. In the interest of con 
serving space this treatment is omitted 


but the numerical table will be sent t 


the reader upon request 


Calculation of Minimum Number 
Theoretically, the 


number of 


of Transfer l nits 
minimum transter units 
can be found byw the imtegration ot 
Equation (1) upon substitution otf 
Equation (10 By means of the bi 
nomial series, the expressions x” and 
(l1—.»x)" are expanded and the inte 
gration of Equation (1) is mathemat 

ally po sible The final result is ted 
ious and has no value in application 
For all practic al purposes a method 
similar to that of finite difference may 
} 


used to simplity the calculation 


Assuming over the concentratwr 


range of one equilibrium stage (on 
theoretical plate ) the relative volatility 
constant his 


to be approximately 


assumption is reasonably true espe 
cially when the average relative vola 
tility closely approaches unity or the 
concentration 


range over an equill 


brium stage is small. Let s, and x, 


represent the concentration range overt 
the first plate from the bottom, then 
the number of transter units covering 
this range can be calculated by Equa 
tion (5) by setting » = 1; theretore 


(N.T.U.), 


where a, represents the average rela 
tive volatility over the first plate from 


the bottom. By 


a, 1s assumed to be a constant over one 


Equation (10) since 


plate one can set 


Se 
a a 
r, 


For the second plate from the bot 
tom covering the concentration range 
of to xy, one obtains 


in( 


where 


Similarly, for the (# — 1)th plate trom 
following is obtained 


the bottom, the 


where 


Let 
then the total number of transter units 


repre sent the top Composition +p, 


equivalent to # equilibrium stages will 
he 


(14) 


where S represents the summation of the 
The exact mathematical solution 
When the num- 
ber of transfer units is small, Equation 


Series 


has not vet been found 


(14) can be solved by stepwise summa 


tion. When the number of transter units] 


is large or b 1s close to unity, the fol 


lowing approximation can be made 


COMPARISON BETWEEN GRAPHICAL AND ANALYTICAL SOLUTIONS 


tin from tee from 


ka 13 
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from 
Craphica from 
Method 


- 
a 
a 
a} ) | 
+1 
<a, be 
a, +1 
Tp a, a,” ay 2 
a,” + 1 a, +1 a, +1 
Ve 
4 
CN’ TU. ve = + be) 
4 
System Chloreform benzene 1 atm { 
a=192; 1.17 3 
¢ 
Graphical 
Method Ane Ka. (15) 
1 12.87 1.58 12.78 13.10 132 
‘ 24 12.12 O18 1 528 11.40 12.00 
11.60 11 6 1 40e 10.76 10.27 
78 2 1 ear 749 
1 ov a 51 a 0.17 
System Methanol water 
a b= O81 
”% 49 2 47 7 aT 0 68 
‘ 10 2 ‘ 
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for the case where a 


the exponent, one obtain 


An average volatility 


to Equation (12), then 


obvious that 


(15) meat t 


Pe lative volatility whe 


Byer we relative volatil 


the ime terminal 


term ts evaluated | 


thon (13 


Lhe result 


pared in Table 3. Fr 


seen that when 6 is equal t 
Equation (14) reduces to Equatior 


the summation of the geometric 


brium stages from rp) to 


compar: om with kquation (12 


Burniber of tag 
wtual mumber of trat 


hetore the evaluator 


unit 


By 


defined 
so as to give the same number of equili 


ording 


of Equation (14) and the summation 


the series, S 


Conclusions 


\ simple corre!ation tor the calcula 
tion of the number of transfer units u 
1 packed columm for systems whose rela 
tive volatihty is a constant ts presented 
hased on approximately 150 points 
Comparison of the previous correlations 


stich deal only with plate columns has 


heen rac The fundamental relation 
hip between the number of transter 
units and the number of equilibriun 


plate derived and discussed 

For systems whose relative volatility 

net a constant, a simple equilibrium 
clatwonship ts presented involving only 
two constant This relationship ts 
hown to be usetul im many systems with 
i maxunum deviation of less than 2% 
Equations for the determination of the 
number of equilbrium plates and trans 
fer units at total reflux have been pre 
ented based on the proposed equilibrium 
relationship The 


calculated resuit 
ows good agreement with the ordinary 


yraphical method 
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DIFFUSIONAL PROPERTIES OF MULTICOMPONENT 
GASES 


C. R. WILKE 


University of California, Berkeley, California 


From the Stefan-Maxwell diffusion equations the following expression 
is derived for the effective diffusion coefficient of a gas with respect to 
a multicomponent mixture of stagnant gases: 


Application of this relation is studied by comparison with exact solu- 
tions of the diffusion equations for various types of diffusion and is sup- 


ported by experimental evidence. 
viscosities of gas mixtures is shown. 


Application to the calculation of 


Approximate methods for calculation of rates of diffusion in complex 
mixtures for stagnant films, and also with simultaneous diffusion of all 


components are presented. 


Effects of simultaneous diffusion on mass-transfer coefficients are 


discussed. 


HE general interpretation of mass 
transfer processes such as absorp 
distillation 


operations ts commonly based upon the 


tion, and other diffusional 


well-known film theory of mass trans 


ier. In this theory the complex process 
ot interphase mass transfer m flow sys 
tems ts reduced to an equivalent process 
ot pure diffusion 


over an “equivalent 


film thickness” or effective length of 
diffusion path in the same fluid medium 
resistance to diffusion equal 


ot the 


offering a 
ter the wctual svs 


film 


total resistance 
tem In general the 
thickness 
thon of the 


old surface 


quivale nt 


may be correlated as turn 


curvature of the liquid of 
over whicl the gas 1s 
total flow 


physical properties of the 


flowing, of the and 
fluid 


transter ts 


rate ot 
oot the 
stream in which the 
taking 


ivatlable 


general relations are 


place It 
to predict the equivalent film 
thickness m i 


* ssible to 


given apparatus ts 


predict the rate of mass 


transfer im the system by application of 


the appropriate rate equations for 


| pure 


diffusion 


Most exper rental studies have been 


estricted to gas muxtures to 


simple 


shich the equations for 


binary gas muxtures are applicabk 
liowever, in the more ger 
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thon of mass-transfer correlations based 


upon such expermments it ts necessary 


to consider systems of more than two 


components. It is therefore of consid 
erable practical interest to consider the 
theory of diffusion in multicomponent 
mixtures 

Sherwood (24) has reviewed the gen 
eral theory of diffusion in gases as ce 
Maxwell (20) Stefan 


(29, 30) and presents general differen 


veloped by and 
tial equations applicable to any number 
The 
these general equations for binary sys 
Gilliland 
equations tor 


ot components integrations 


tems are well known (25) 


has solved the simultan 
eous steady-state diffusion of two gases 
through a third stagnant gas. Integra 
tions of the general equations for more 
have not been 
their solution 


would result in relations too complex 


than three components 


available Furthermore 


and unwieldy for convement use in 


engineering calculations 


It is the purpose of the present paper 
to develop an approximate method for 
calculation of steady-state diffusion in 
suth 
purposes and 
vet which avoids the mathematical diffi 


culty of ; 


complex gas mixtures which is 


x 


ciently accurate for most 


mgerous treatment 


CHEMICAL ENGINEERING PROGRESS 


Effective Diffusion Coefficients in a 
Multicomponent Mixture 


For the steady-state unidirectional 


diffusion of gas 4 second 


through a 
gas the following rate 


(1) 
da 


diffusion ot 


stagnant equa 


tion is applicable 


where 


Ny rate ot 
nent 1, (g 


compo 
moles ) / (sq 
cm.) tsec.) 
diffusion coefiicient for A inj 
B 
total pressure, atm 
constant fcu cm.) 
(g.mole)(° K.) 
temperature kK 
pressure ol 
nent 4 


partial 


(atm.) 
absolute 
partial compo 
atm 
pressure of non-dil 
fusing gas, atm. 
distance in direction of dii 


fusion, cm 


bor diffusion of A into a complex mix 
ture the analogous rate 


be written 


equation 
IY Pf dp, 
RTp da 


1”, represents the 


“ he Tm 
eflective average 


diffusion coefficient of component 
4 with respect to the composition 
of the gas 


For diffusion of gas 4 into a mixture 


ol gases BR, ( dD 
the concepts ot Maxwell 


according to 


dp. Pa On 


Gin { 4 
da “ay, Ue) 


Dap D ae Dip @ 
hi 
z= 
\ ‘ (2) 
(3) 
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toluene into hydrogen-argon mixtures 
ind ethyl propionate into hydrogen-air 
mixtures using the semi-infinite column 
technique suggested by Arnold (7) 
These experiments are to be described 

detail in a subsequent paper. Results 
tor the hydrogen-argon system cor 
rected to O° ¢ 1 atm. pressure are 


hown in Figure 1. The solid curve 


thre ugh the data is calculated by Equa 


ton (6) using the measured 

diffusivities. Marked deviation from a 
olal average relationship is 

by the shape of Figure | 

tvpn il of curves calculated three 

component systems Dhese experimental 

results are an encour wing medication of 

the validity of the Stefan-Maxwell 

equations which have been used to test 

the approximate calculation procedures 


~ developed rm the present paper 


COMPOSITION OF GAS 
PERCENT OF 


f’lus 
1. Comparison of Calculated Curve with Experimental Points for Diffusion 
of Toluene into Hydrogen-Argon Mixtures. 


COMVETIECIICE 

matical analysis the 
i given component may he 
trans te of the material relative to 

tant fo ‘ diffusion and bulk flow of th 
partial ’ ponent 4 mixture In the case of mass trans 


through a gas film, bulk flaw may re 
cl inge the total number 
the proce that bulk fle 
not necessarily n that compe 
rage velocity © ‘ pas hroug the tilm other 
diffusion ‘ example 
throug! 
neh dentical 
hve te of diffusion 
ponent Chis general 


ough hypothetical rie 


usetul ou thre development 


W here ‘ ire the mole 


thot ot BR, ¢ in the mert 
portion con idered separately trom 


iu vas vf Thus tor « mon of thusion 
through a stagnant gas mixture, movement 
constant tor a given mert ga OTP der al by 


“ul independent i the 


~ SOR INTO 
~ 
~ 
er ~ 
a2 
~ 
~ 
~N 
| 
~ 
° 
dk Fler 
Fig 
| 
j 
ay 
| 
; 
t cause ot ill 
nant except 4 
ay 
equ onditior 
Ka components of a mixture 
ivy Veter i\ wel 
‘ in aml Maxwel ml al 
vA 7 
on ternatively by Jellinek ¢/ md Col 
recluce t thom ot 4 burn and llougen l trat 
= views t kouatn ( 
tten tor a binary mixture and re 
- ; of i4 it ved i manner similar to the «ck 
elopment of Equation (4 but noting 
bquat y be rearrar the tollowing torn 
‘7 
: ere \, the total rate transte 
Fairbanks and the author (/ ave t component B, (sec. ) (sq 
ole tract verihed (6 for diffusion 
‘ 
ponent et ® This result was artiallw anticipat ntroducing ‘ 
n ga xt Ste far 
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(7) and rearranging gives the desired 
form 
dV, 


Na = + (Nat 


(38) 


The first half of the right side of (8) 
may be viewed as representing the rate 
of transport of 4 by equimolal diffu 
sion, and the second half may be viewed 
as the rate at which A is carried along 
by bulk movement of the total gas phase 

For transfer of 
nent 4 of a multicomponent system, the 
defining rate equation may be written by 


steady-state compo- 


analogy to Equation 
RT 


where 


if total net rate of gas transter* 
by diffusion and bulk flow 


g.mole /( sec.) (sq.cm.) 


D’, effective diffusion coethcrent 


/ 


For diffusion of A into a stagnant gas 
mixture, corresponding to Ny = Nz, in 
Equation (9) 
(6) 


D’, is given by Equation 
rhe more general application and 
integration of Equation (9) for various 
diffusion will be consid 


types ot now 


ered 


The 


calculation 


Film Pressure Factor Concept 


diffusion 
when two or more components 


general type of 
are dit 
fusing simultaneously may be conven 
iently handled by use of the film pres 
sure tactor concept im conjunction with 
a properly defined diffusion 
coefficient as The 
“film has been 
previously introduced by Hougen and 
Watson (1/6). The present development 
leads to a similar result for the film 
pressure term, although the de 
rivation is different 


It is convenient to define a 


efiective 
devel yped below 


term pressure factor,” 


tactor 


tunction 
é for each component 


et 


so that Equation (9) becomes 


dy, 


N, : 
RT ds 


* N, is the sum of rates of transfer for 
each component, with a rate of transier in 
the ++ direction taken as positive and a 
rate of transfer in r direction taken as 
negative. For a binary system \, Nz 


+ 


Similarly for the diffusion of B 


(13) 


For steady-state diffusion, assuming a 
diffusion 
integrated to 


constant coefficient 


Equation 


average 
(12) may be 


give * 


in 


\ 
RT: 


Introducing y, aml rearranging 


Ni 
RT x 


(Pay 


where (f,)4 is the film pressure factor 
for diffusion of component 4 and is de 
fined as 


(16) 


(Py)a = 
and (d4 — ¥q)im is the log mean aver 
age over the boundary conditions of the 
film, i.e 


Similar equations may be written tor 
diffusion of other 
mixture. For component B 


components of the 


\ 
RTx (py), 


(Pm 
(18) 


(db, (19) 


im 
For the special case of diffusion of 
one gas through a second stagnant gas 


l 
and 
(Pra (P 


Padim CPi dim 


so that Equation (15) reduces to the 
well-known equation 


ay 
RT tm 


Pas) 


N, (20) 


For diffusion 


equimolal counter 


and 
(Pra P 


This result is indicated directly by inte 
gration of Equation (9%) 

For a chemical reaction at a catalyst 
surface with diffusion of components to 
and from the interface the film pressure 

* Deed, Schutz and Drew (4a) have pro 


posed an equivalent expression for diffusion 
in binary systems 
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factor may be expressed as follows: For 
the reaction : 


aA +bB+ rR+sS 4+ 


where a, 6, r, s are coefficients of the 
molecular species 4, B, R, S undergoing 
reaction 


and (py), is given by Equation (16) 


as before. Similarly for component RK 


r 


The film pressure factor in the rate 
effects of bulk 
movement of the total gas mixture, due 
of the var 
lous components, on rate of transport ot 


equation accounts tor 


to simultaneous movement 
a given component under consideration 
As shown below, it is necessary 
cases to take further into account the 
relative motions of the various compo 
nents insofar as they may affect the 
value of the effective diffusion coeffi 
cient, D”,, in Equation (15). 

For diffusion of component A 
through a stagnant gas the film pressure 


m some 


factor is equal to the log mean partial 


Vae) 


oy Vay 


(bs Nay! (17) 


In 


pressure of the gases other than 4 over} 


the diffusion path. If the other compo- 
the film§ 
above the? 
gas thus 7 
diffusion of A. 
In cases of parallel diffusion the film 
than the 
Thus 


nents are diffusing against 4 


pressure factor will merease 


value for the stagnant case 


decreasing the rate of 
will be less 


pressure tactor 


value for the stagnant gas case 
the film pressure factor accounts for the} 
opposing effect of components diffusing } 
against the component under considera 

and the effect of 
components diffusing in the same direc 


tion carrying other 
tion. The principal justification for use 
of the film 


mathematical 


lies in its 
and the re 
sulting arrangement of the rate equation 


pressure term 


convenience 


in a form similar to the more commonly 
used equations for equimolal counter 
diffusion and the stagnant gas case 

Equations such as (15) and (16) may 
be written for any component of a mix- 
ture, and are the general equations 
which will be used to define the rates 
of diffusion. It now remains to deter- 
mine the proper average effective dif- 
fusion coefficient D”, for use in these 
equations 


Solution of 
Three 


Stefan-Marwell 
( omponents 


Equa- 


tions for Before 


ee... | 
= 
a 
a+b—r-—s 
Yag 
Yas 
(14) 
(9) (15) 
- 
and 
| 
Ve (1) 
= 
Ve 
4, 
(12) 
— 
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% 
X, cm 
Fig. 2. Setup for Test Calculation. 


proceeding to the detailed treatment of 
approximate calculation procedures, the 
reterence method used to test these ap 
yroximate procedures will be described 
ao the simultaneous diffusion of 
es A and B through a third stagnant 
film thicknes 


{ over an eftective 


Such a situation is ap 


im fractional distillation col 
Mimnns where the proce is one of nearly 
Eequimolal counterdiffusion. The partial 
ures of the components at points 
and 2 are maintained 


Plesired values 
te 


ady-state flow 
ial pressure gradient 


constant at any 


conditions of 


Figure 2 


under 
shows par 
for a typical test 
xample at a total pressure of 150 mm 
$y proper adjustment of partial pres 
of diffusion of 


t range of desired values 


ures rate and may 


© set over 
Sherwood (25) presents differential 


juations applicable to this case as fol 


(21) 


imultaneous 


Gilhland (25) has integrated 
amd (22) ¢ give 


equations 


the two 


To serve as a standard for other cal 
culation procedures a number of test ex- 


amples were set up covering a wide 
range ot types of diffusion from nearly 
equimolal to high relative rates of 
counterdiffusion and parallel diffusion 
among two components in the presence 
The sys- 


tem hydrogen-water-vapor-carbon diox- 


ot a third stagnant component 


ide was selected for study to give the 
physical 
wide 


significance and to 
diffusional 


The total pressure was ar 


examples 
include a range of 
propertie 

bitrarily set at 150 mm 
at 40° 


0.1 em 


the temperature 
and the diffusion distance x at 
Table 1 sum- 
essential data for these exam 
A and B caleu 
(24) * tabu 

Table 


correct 


tor all examples 
marizes 
ple Diffusion rates for 
(21) 


method 3 in 


lated by Equation 


lated under and 


are considered to he solutions to 


thes« 
the approximate methods 


examples to be used for testing 
veral possible 
(24) 
obtained by 
} 


In general there are 


solutions to (23) and and the 


ingle function combining 


these equations may become discontin 


uous im certain regions where solution 
would be expected, so that selection of 
solutions is not always 
t difficulty in this re 


nearly 


the proper set of 
obviouw (sreate 
pect encountered in cases of 
equimolal counterdiffusion. Selection of 
Vy Vy alway 
(23) and (24) 


no unique 


satishes Equation 
© that the equimolal 
roots have significance. For 
three sets of solutions are 


hsted in Table I. The set 


for Example I indicated as 


Example | 
obtained a 
of solution 
preterred was elected on the bas ol 
rates calculated by the 


agreement wit! 


econd approximate method of calcula 


tor itter wreement of thi method 


solutions for the other 
established 


fand 


with exact 


amples had been 


where diffusion rates of 


different m magnituce 
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difficulty is encountered in the selection 
ot reasonable solutions 

In order to obtain nonambiguous solu 
tions for cases of nearly equimolal coun 
terdiffusion Examples II and III were 
established with small partial pressure 
gradients among the diffusing gases 
Under these conditions the right-hand 
members of Equations (21) and (22) 
are essentially that these 
equations may be integrated directly 
with little error. The resulting two 
simultaneous linear equations are read 
ily solved for N, and NV, 


constant so 


Method 1. In order to indicate the 
reasoning employed in the development 
of the final approximate calculation pro 
first to describe 
what may be 
This method employs 
Equations (15) and (16) 
effective diffusion coefficients based on 
Equation (6) using a ga 
taken as the arithmetic average of the 
conditions of the film Thus 


cedure it is 
results obtained 
termed Method | 


necessary 
with 


basic with 


om position 


terminal 
tor diffusion of 4 


where 


Results obtained by this method for the 
Method l 


com 


test example s are hsted under 
n Table 1 
pared with the 
by Method 3 


the two methods 


where they mav he 


correct results obtained 
Inspection of results of 
maicates good agree 


ment when the component under con 
diffusing at a relatively 
that of the 
agreement 


first possible explana 


sideration ts 


high rate compared with 
other 


otherw tse The 


component ind poor 
tion which suggested itself for this be 
assumption of the 
composition was 
and that a 
might bring 
Accordingly Ex 
was considered in detail. In 
diffusion of 
that of 


second 


havior was that the 


arithmetic mean film 
incorrect in defining D” 
evaluation 


more accurate 


the results into line 
ample I\ 
this example the carbon 
diffusion 
stagnant 


(hydrogen) since the partial pres 


dioxide is essentially 


t one gas through a 


t water vapor is small Sy inte 


therefore the 


hoxide could 


Equation (2 
ure of carbon 
r as shown 


it tunction of 


Establishment of the car 
gradient permitted the cal 
'Y tor water vapor by | qua 

function of 
gure 3. From tl 


idl 
60 
Dam 
| 
20 
| 
4 
| 
Vp 
+ 
: Dap D Dap 
(4) 
Va Ye, * Yas 
| | | 
Va 2 2 
. 
} 
if l ] ‘ ] (21 
| rN \ 
| 
ases 
| 
3 D be obtaine 
L 
: >) 1) hon dioxide 
| | 
| 
: 
ey 
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so cm/sec. 


16 


02 


04 
X. om. 
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Fig. 3. Carbon Dioxide Pressure and Water Vapor Diffusivity (Eq. 6) as a 
Function of x for Example IV. 


by graphical evaluation of the integral 


in the relation 


yoo 


By this procedure D”y.9 was found to 
>» 


sq.cm./sec. calculated by Equation (25) 
Since this small difference in D” could 
not account for the large error in the 
calculated rate of water diffusion it was 
concluded that the method as thus far 
developed does not completely account 
for the effects of simultaneous diffusion 
of various components 

Further insight into these counter- 
diffusional effects may be gained by con 
sideration of Examples VI and VII of 
Table 1 in detail. In Example VI the film 
pressure factor for the diffusion of A as 
calculated under Method 1 is 288 mm 
the actual arithmetic 
partial pressures of B and C are 75 and 
a total of 
Is Stagnant 


be 2.15 sq.cm./sec. compared with 


whereas average 
72.5 mm. respectively giving 
only 147.5 mm 
it might be argued that its 
partial pressure in offering a resistance 


Since gas ( 


efiective 


to the approximately 


and that 


diffusion of 4 is 
ts average value of 72.5 mm., 
the effective partial pressure of # its 
therefore 288-72.5 or 215.5 mm hus 
the effective partial pressure, or activity 
of carbon dioxide in the diffusion zone 
with respect to water diffusion is mucl 
than its true average partial 
Therefore, ii 
it is assumed that the average diffusion 
25) 


greater 
pressure would indicate 
coefficient calculated by Equation 
activ- 
of the 
components in the diffusion zone rather 
than upon the true average composition, 
the effective diffusion coefficient would 
be lower than the value used in Method 
1. This would account for the high 
value for the rate of diffusion of A ob- 
tained by Method ! compared with the 
correct result obtained by Method 3. A 
similar viewpoint applied to Example 
VII indicates that the effective film com- 
position for diffusion of B should 
richer in hydrogen than was actual!» 
used in the diffusion coefficient calcula 
tion and that the rate calculated by 
Method 1 should be lower than the cor- 
rect value. This conclusion is in agree 


should be based upon the effective 
ities or effective partial pressures 


be 
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METHODS 


CALCULATION 


oF 


EXAMPLES * AND COMPARISO 


TEST 


TABLE 


Rates g moles (sec) 


Diffusion 


ente 


Method 


4 


Meth« 


Gases 


Ra 


He H 


40 045 


He 


Hw& 


49.97 


mo 


He 


He 


COs 


He 


VI 


On He He 


c 


Vill 


=150 mm He 
= 40° C 


* Diffusion coefficients are estimated and do not correspond to true values 


t Preferred Solution 


r 


ture 


_- 
60 40 a@ 
nae 
nen 
ait 
— 
36 
- - 
a 3 
- 
| = & & 
20. = 
© 
3 333323 
g 
« 
a 
‘ 
« 
. 
= 
= =e 
ead 
set 
= =] 
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ment with the calculations. Thus a 
moxhhed effective film composition 
should be used for the diffusion of each 
component in a mixture m the calcula 
tion of the average diffusion coefficient 
It should be emphasized at this point 
that thi ottered only 
in a qualitative sense with no pretense 
of rigor and that the method of calculat 
ing 
veloped here has been 


interpretation is 


the effective film composition de 


somewhat arbi 
trarily selected on the basis of the im 


provement shown in of the 


accuracy 
calculations on examples selected 


Method 2 
lation 


General Method of Caleu 
A general method 
in 
evaluation of the effective diffusion co 
etheient 


of calculation 


using an efiective composition 


will now be described. Equa 
tions will be presented in general form 
applicable to a ot 
of components, although it should be 
emphasized that the method has been 


developed and tested by comparison with 


system any number 


the exact solution for three-component 
systems only. Diffusion of component A 
multicomponent will be 
the formulation of the 
equations, although the equations can be 
t ade 


m a mixture 


designated in 


ipplicable to any component by 
sppropriate changes in subscripts 
Phe rate equation is given by Equa 


tion (15) of the preceding section 


(Pa, 


ancl where (f,)4 1s defined by Equation 
(16) and D”, is detined by the follow 


ing relations, Equations (26)-(38) 


jy’ 
‘ 


where 


COMPARISON OF CALCULATED 


Components 
tion 
t 


re 
re 
a 


(Pr) ap 
(Pr) ae (Priap 


) 


and Yo Yop are the effective 
mole fractions of the components other 
than { 
components as a gas separate 
(Priam 

termed “partial film pressure factors’ 


in the film, considering these 
from A 
may be 
tor diffusion of A into the gases desig 
nated the subscripts. Partial film 
pressure tactors are further defined by 


the relations as 


by 


(ban 


(Prhan 


(31) 


, 
+ Vp) (bap Yap) 


(32) 


where: Yo, etc arith 
mean average mole fractions of 
the components over the terminal con 
ditions of the film and other quantities 
are defined by the following Equations 
(33)-(3R8) 


metic 


(33) 


Dac 


dap 


The basic assumption of this method 
that the effective composition 
used for the calculation of D’”, is to be 


film 


is 


based on effective partial pressures of 


WITH OBSERVED VISOOSITY DATA FOR 


0.595 
091 


482 


003 
181 


component 


pur viscosities 
iiffusion coeffi 


ents 
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carbons * 


and 
were estimated by the 


the components rather than on their 
true average partial pressures. These 
effective partial pressures are assumed 
equal to partial film pressure factors 
calculated for the diffusion of A 
through each component separately, as 
though A and the other component un- 
der consideration were present alone in 
the mixture, defined by Equations 
(30)-(38). Effective mole fractions for 
component defined in 
terms of these effective partial pressures 
by (27)-(29), considering 
the components other than A as a sepa 
rate g: Che effective diffusion coeffi 
cient is then defined in terms of these 
etiective mole 
(26), which 
Equation (6a) 
In involving extremely 
different rates of parallel diffusion of 
two of the components it is possible to 
obtain 


as 


each are then 


Equations 
as 


fractions by Equation 


1s analogous in form to 


some Cases 


a negative partial film pressure 
factor in Equations (30)-(32). In such 
cases it is recommended that the pres 
ence of the component giving the nega 
tive value be neglected in calculation of 
the effective film composition and _ its 
partial film pressure factor assumed 
equal to zero in Equations (27)-(29) 
Although this is a theoretically unsatis 
tactory procedure, a more suitable alter 
native ts not apparent at this stage of 
the development 

Diffusion rates for the test Examples 
I-VIII calculated by the 
Equations (15), (16) and (26)-(38) 
are listed under Method 2 in Table 1 
Comparison with results of Method 3 in 


preceding 


dicates satisfactory agreement in all ex 
amples with a maximum derivation of 
than 10° Accordingly it be 
that Method 2 is adequate for 
engineering applications Al 
though the method has been tested only 
with the present three-component ex 


less is 
heved 


most 


amples, it seems reasonable to assume 
that equally satisfactory results would 
be obtained in extending the method to 
systems of any number of components 

It should be noted that if the diffusion 
coethcient did not change across the film 
Method 1 would be valid. For example 
in the problem cited by Sherwood (25) 
for diffusion of ammonia and water 
through air, where the diffusion coeff 
cients do not vary 


as much with com 


OME MULTICOMPONENT GAS MIXTURES 
Higher 


Hydro- Temp 


alculated Experimental 
Viscosity Viscosity, 


Micropoise Micropoise Deviation 


016 


binary diffusion coefficients 


methed of Arnold 


summarired 
2 


February, 1950 ( 


y” 
(3%) 
(Pr) ae (Va (ba, ac) 
ae 
‘a 
V ae ; ; (34) 
ya 
= , yA 5 
4 
~ > (37) 
Prian Nig Ng 
(Prlan > + (Pplan + \ 
> ‘ 
(27) (38) 
‘ 
(Py) a 
if any ac UP: ap? 
CABLE 
Freos 
CHe ( 
wl 25 195 185.7(3) $5.1 
‘ 25 144.6 145.8(3) O8 y 
Mole 9.533 25 151.0 146.91 8) 428 
Mol 0.25 2 162.3 168.143) a4 
25 25 145.2 147.1( 3 +0.75 
106 295 0 ) 171.2 174.3(13 18 
ole action 2 71.2 74.3(13) 
: _ 20 1412 135.5( +42 
Mole Mrectios 0.003 0.172 0.005 149 5 
a Mixture data of H g and Zipperer were calculated on basis of 
Hirechfelder. Bird and & by 
i experimental data « 
fae * Assumed to be ethane 
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position as in the present examples, 
reasonably good results are obtained by 
Method | 


Sample Calculation 

To illustrate the use of Method 2 the es- 
sential numerical procedures in the calcula- 
tion of Example \I by this method will be 
summarized 


Define 

N P , et 

A first approximation assuming N's 
1748 and N’, 0.0136 gave N's 
1.719. The calculation for N’, will now 
shown 


be 


Assume 
N's = 1719 
\ 4 0.0136 
0.0136 
Ga 17054 


by Equation (16 


(00797 0) 
(—0.00797 0.03333) 
0.00797 


(150) ¢ (797 03333) 


0.00797 In 


381 mn 
by Equation (30) 
(pr) (77.5)¢ 0.00797 0.03225) 
0.00797 
391 mm 


by Equation (31) 


(75)(1 008555) 
by Equation (27) 

y's 
by Equation (28) 

O1S6 
by Equation (26) 

1.04 sq.cm_/sec 
hy Equation (15) 
0.0137 

and 
Ne 0.105 « 10° g. moles/( sec.) (sq.cm.) 


Further trials give essentially no change 
m the calculated rates for 4 or B 


Gas Mixture Viscosities 


Preceding calculations have shown 
that the general form of Equation (6) 
for effective diffusion coefficients is ap- 
plicable provided the proper effective 
film composition is used. A further in- 
dication of the correctness of this equa 
tion has been obtained in connection 
with calculation of gas mixture viscosi- 
This work will be reviewed briefly 
to illustrate this application of Equation 


thes 


(6), and to present relations which may 
be useful when knowledge of mixture 
Hirschfelder, 


viscosities is required 
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+ 
1+ XxX, 
X spy Dye 

+ 
aps Ds, 


tird and Spotz (14, 75) have recently 
the transport 
Chapman and Cowling to give alternate 


evaluated integrals of 
viscosity relations 

Buddenberg and the author (4 
developed the 
viscosities of binary mixtures 


have 


following equation for 


aD 
(39) 
1 + 1.385 1 P2 
Yo 
where 
My viscosity Of mixture 
Mi. Me viscosity of pure compo 
nents 1 and 2 at temper 
ature and total pressure 
of mixture 
X,. xX mole fractions of compo 
nents 1 and 2 
Pi. P densities of pure compo 


nents 1 and 2 at temper- 
ature and fotal pressure 
of mixture 


Extending (39) to a mixture of nm 
components 


AD, 
1385p 
+ (40) 


where D,;_y. Do y, ete., 
average diffusion coefficient of compo- 


nents 1, 2, etc., with respect to the total 


repr esents 


gas mixture 
Equation (6) may be written: 


1—X, 
= 
X; X, 
Dy» Dy; Dry 
(41) 
Equations (40) and (41) may be 


combined to give a general equation for 
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gas mixture viscosities.* For three 


components 


Me 
) 
(42) 
D ) 


and more generally for m components 
1.385 ys, X, 


(43) 


(43) 


lor a 


Equation has been applied t 


viscosity data number of multi 


component systems with satisfactory re 


sults as shown in Table 2. The agree 
ment obtained in this application, in 
which the gas composition used in 


Equation (6) is not corrected for effects 
of simultaneous diffusion, suggests that 
viscosity behavior is such that this cor 
rection is and is inter 
preted as an indirect indication of the 


as a gen 


unnecessary, 


correctness of Equation (6) 
eral form 

Equipment Capacity Coefficients. The 
effect of gas composition and simultan 
eous transter of components on 
the commonly used equipment capacity 
coefficients is of practical interest. In 
the equivalent film theory the rate of 
is defined im 


Hass 


transter of a component 

* Since the original preparation of this 
paper the author (33) has effected a sim 
plification of Equation (43) through sev 
eral approximations in the kinetic theory of 
diffusion to reach an alternate expression 
lor viscosity 


where 
[ 
4 


M, and M, are the molecular weights of 
components 1 and j and other terms are de- 
fined as for Equation (43) 

This equation eliminates need of diffusiv- 
ity and density data and seems comparable 
to Equation (43) in accuracy 
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X ip Dr Drs Dy, 
a 
| 
Me 
i> 


the 


cordmeg fo t 


terms of inass-transter coefficient 


relator 


(hy) a(Pay (44) 


where 


= moles of trans 


ferred per unit time per unit 


component 1 


mass transter oehcrent tor 


pert 


per 


component .4, moles unit 


unit 
difference 


time per 


tal pressure 


unit area 


The mas 


n terms of effective n 


transter detined 


thickness as 


coethcrent 


tollow 


ahere 


Db” , properly detined dit 


etlective 
coethcrent tor « 
nent 4. Le 


lusion 
defined im gen 
eral through 


(38) or 


Equation 


(26 under special 


conditions previously cited 


by quation 25 ) 


effective film thicknes 


tusion Of 4. an 


tor dit 

other terms 
ire as previously defined 

Similar equations are applicable to each 

omponent ot the 

For de 


transter 


xture 


wn calculation the 


ma 


coethcrent may often he pre 


heted from cx rrelation based 
the 


these 


on ex 


periments in apparatus of type un 


der consideration Since exper) 


ments usually ivolve the relatively 


mple cases of diffusion such as the 
rtant that 
torm such 
Phat they may be correctly applied to 
tore complex types of kor 
a number of transter in 
Morced onvect ettec 
Rive hlm thickness vy be rrelated 


Rhrough dimension groups in 


correlatior put in a 


diffusion 


ises Of mas 


787 the 


equa 


tions of the general torn 


and ¢ 


erally cha 


type of apparatus under 


consideration 


behav- 
in fluid pro- 
correlations 


Under conditions of ideal gas 
or and negligible change 
perties over the gas film 
the Chilton-Colburn ; 
11, 32) as 
number 
Equation (46) 
sumed to be 


involving num 


ber (5 a function of Rey- 
nolds ire equivalent to use of 
with 


since: 


exponent 6 as- 


(hy) 


average molecular 
gas stream 


‘Jala 


weight of 


mass velocity based on super 


ficial cross-sectional area 


perpendicular to flow in ap 


paratus 


Recent work is 
that the assumption of exponent b 


helieved to indicate 


the the ; 


number may not be generally applicable 


as required by definition of 
and rather that the exponent is a func 
tion of shape ind orientation of mass 
and turbulence c 
the 


transter surtaces 


wteristy of flowing gas 


Values of 6 in Equation (46), or equiv 
i 


ilent exponents in other correlational 


torms, have been variously reported as 


tollows : 0.44 tor vaporization of liquids 


ina wetted wall column (72 0.46 mass 


transter trom ingle cvlinders trans 
> 


flowing gas (2%). OR3 for 


verse to a 
vaporiz hquids in a 


ition of flow ing 


packed column (22 and 


nb 


tor 


gas 
ter mm fluidized beds 
these may 
be exaggerated by errors in experimen 
tal n 


ise mass tran 


(23) \lthough variations 


easurements, some variation in 6b 


might be anticipated in light of either 


rious analogies between transfer 


ind momentum (7, 20) or 


wm ind molec 


ned etldy 


Ww terphase 

It is therefore 
iution should be 
the 
(47) 
m one type of 


oncluded that due « 


bserved in detiming exponents 


hasis of 
and ex 


Equations (46) or on the 


result system 
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tending them to a system of markedly 
different characteristics 

\ general problem in equipment de 
sign is to utilize the “point value’ 
mass-transter coefficients just discussed 
in the calculation of the apparatus size 
required to effect a desired separation 
rhe following development will be pre- 
sented for absorption or desorption of 
gases in a packed tower, but the result 
ing equations not so restricted in 
their application. Consider a differen 
tial element of height, dZ, over which 
transter is occurring from a gas stream 
mto a liquid. The liquid and gas are ir 
countercurrent flow through the pack 
ing 


are 


For component 4 


Nx (48) 


where 


vq and y,, are the mole frac 
tions of 4 in main gas 
stream and at gas-liquid in 
terface respectively, i.e., the 
boundary the 
film 


conditions of 


For steady-state operation 


(Ry) Va PdZ d( 


(49) 


where 


G molal gas mass velocity based 
upon total tower cross sec 
tion perpendicular to flow 


effective mass-transfer surface 
per unit packed volume 


a, = 


Z tower height 


Introducing ¢#, as previously defined 
and combining Equations (48) and 
(49) 


dZ 


) (hy) Vai) 


by 


(50) 


The tower height may be calculated 
n general by graphical integration of 
Equation (50), although this is not 
necessarily the most convenient method 
Multiplying the numerator and de 
nominator of (50) by (p,)4 and rear 


ranging gives 


4dy 


where 


rhe first term of the right-hand mem 
ber of (51 
the height of a transfer unit. ( H,)4(6) 


1s a general expression for 
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| 
a, 
(45 
e 
where 
| 
d di, \*/ 
\pb”,), 
the 
+} 
ee ome characteristic length di eee 
eer: met on tor vstem 
( ‘ characterist Reynolds = (51) 
number for svsten 
= 
aes ponent 4 evaluated on the mass t =. 
ma iveTrage composi « 
tron Of gas f 
col 
d are constants gen- 
acteristic of the 


If an average value of (H,),4 may be used over the tower 


Yao 


and the integral in the right-hand term 
is the general expression for the num- 
ber of gas film transfer units, (N,) 4. 
It should be noted that in Equations 
(48)-(56) subscripts 1 and 2 refer to 
terminal conditions of the tower, and 
not to terminal the gas 
film as used in the preceding equations 
for pure diffusion. Compositions at the 
film boundaries are designated here as 
and v4, 
For equimolal counterditfiusion 


conditions of 


o, = and (f,), = P 


(H,) — (53 
(ky) 4a,P 
1 
d 
Ya (54) 
Ya 


For diffusion of one gas through a sec- 
ond stagnant gas 


o, = Land = (P 


Padim 


Ge 


H,) 
(hy) (P 


Padim 


(1 Va V4 


) 


Va) (Va Yaa) 


(56) 


Equation that the 
number of transfer units is influenced 
by simultaneous diffusion of various 
components through the term yy, in the 
numerator and | y/é in the denomin- 
ator. 

Written in terms of the effective film 
thickness the expression for the (//,)4 
becomes 


(52) indicates 


G,,RT 
(H : (5 ) 
D” ,Pa, 


(Hy), is therefore independent of 
pressure for ideal gases and independent 
of the effects of simultaneous diffusion 
of the various components except inso- 
far as they may affect the effective dif- 
fusion coefficient D”’,. A variation in 
D”, influences x, slightly according to 
Equation (46) and affects (H,),4 cor- 
respondingly 

Numerical values of (H,) 
calculated by Equation (57) in conjunc- 
tion with an equation of the form of 
(46) or other thickness 
correlation for the apparatus involved 
Alternately, H, may be expressed di- 
rectly by suitable 
mensionless 
quently the case in the literature. 


may be 


suitable film 


combinations of di 


groups more tre- 


as is 
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¥a 


(1- 


For many problems encountered in 
distillation or absorption the more 
simple relations (53)-(56) may be used. 
However, if it is necessary to consider 
the effects of simultaneous mass trans- 
fer of all components of a mixture the 
more general relations (50)-(52) are 
applicable. In use of these latter equa- 
tions a trial-and-error solution may be 
necessary when values of ¢ for the var- 
ious components are not known in ad- 
vance. 


Comment 


It is recognized that the calculation 
procedures of this paper are not com- 
pletely rigorous. Validity of the 
Stefan-Maxwell equations, assumed 
as a basis for development of the 
methods, has not been established ex- 
perimentally in multicomponent systems 
for other than the stagnant gas case 
cited here. Further experimental studies 
are needed to determine the true nature 
of these diffusional processes. Use of 
the methods developed here is believed 
to be justified mainly on the basis of 
convenience and present lack of usable 
exact equations. 
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Notation * 
a = coefficient in chemical reac- 


tion, or exponent on Rey- 
nolds number 


a, = effective mass-transfer area 
per unit packed volume, 
sq.cm. /cu.cm 

b = coefficient in chemical reac- 
hon, or exponent on 
Schmidt number 

C = empirical constant 


d = characteristic length or dia 
meter, cm. 


D = diffusion coefficient, 


sec. 


sq.cm 


point value effective diffusion 
coefficient with respect to 
a mixture 
* Metric units have been used in notation 
to correspond to the units used in calcula- 
tion of examples. 
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G 


mtegrated average effective 
diffusion coefficient over 
diffusion path, sq.cm./sec 


mass velocity based on super- 
ficial tower section 
g£./ ) ( sec.) 


cross 


molal mass velocity, g. mole 
(sq.cm. (sec. ) 


height of a transfer unit for 
gas film, cm 


gas-film mass-transfer coeth 


cient, g moles / (sec. ) 
(sq.cm. ) (atm.) 

molecular weight 

rate of diffusion, g. mole 


(sq.cm. ) (sec. ) 
number of gas-film transfer 
units 
partial pressure, atm 
film-pressure factor, atm 


gas constant, (cu.cm.)(atm.) 
(g-mole) (° K.) 


coefficient in chemical reac 
ton 

coefficient in chemical 
tion 

temperature, ° K. 
average velocity in the + dig 


rection, sq.cm. /sec 


distance in direction of diff 
fusion or effective film 
thickness, cm. | 


mole fraction 
mole fraction 


arithmetic mean mole frac 
tion based on terminal com 
ditions of film 4 


effective film composition 
mole fraction 


tower height, cm. 


Greek Lerrers: 


a 
“ 


a 


proportionality constant for 


diffusion 
viscosity, g./(cem.) (sec. ) 
ratio of mass-transfer rates 
density, g./cu.cm, 


partial density of a compo- 
nent, g./cu.cm, 


time, sec 


SUBSCRIPTS 


in = log mean average 


corresponding gases or 
pairs 


was 


= terminal conditions of the gas 
film, or terminal conditions 
ot a tower 


2=2,-4,= (52) 
> 
N 
N, 
Pr 
| 
T 
U 
(55) 
| 
1 
(N 
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Discussion 


B. H. Sage (California Institute of 
Calif.): It al 
ways interests me to find that the early 


Fechnology, Pasadena 


work of Maxwell, which was im part 
intuitive, has been so closely confirmed 
by the more recent advances im kinetic 
theory For example, the basic equa 
thor the author has prese nted tor pre 


constant for the 


omponent and multicomponents can al 
| 


diffusion 


dicting the 


vw derived by purely kinetic 
utilize the 


con 
eration velox 
itv of the 


" 


iverTage 


molecule with one or two 


additions that result from the need 


ote 


nsideration of the other parameters 
Maxwell 


This always seems rather 


that were omitted in the basic 
relationship 
hopeful, that the earlier investigators in 
this field 


were able to arrive at results 


which are still considered entirely ap 
plicable 

1 would perhaps suggest that m_ the 
case of situations where ideal solutions 


ire not closely approximated, that one 


might like to use chemical poten 
tials and fugacity in place ot partial 
pressure. Hlowever, in situations at the 


present time, limited to states where we 
can predict the behavior from our ele 
mentary 


knowledge of the kinetic 


theory, this is not important 
It would also seem in the latter part 
of the paper where the author has con 


sidered the application of his data upon 
the diffusion in multicomponent systems 
in some circumstances where convective 
effects are important, that it might be 
into the 


of the over-all material balance equation 


worth while to go utilization 
in turbulent flow, and utilize the concept 


of eddy diffusivity in conjunction with 
the value of the diffusion coefficient to 
It is be 


lieved that this method will probably, in 


determine the over-all transfer 
the years to come, supplement at least 
our present film concept theories, and 
the use of such concepts as film pres 
sure factors and the over-all application 
of these material transfer relationships 
will 


as applied to a particular point 


permit the determination of the com 


position of the system as a function ot 


position. However, it will require the 


use of mechanical computing equipment 
At the 


limited memory features 


with 
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University of California 


present time, it appears that our analyti- 
cal ability has somewhat outstripped our 
| hope the work 
during World War II, based on the de 
velopment of 


computational ability 


adequate 
aids, will permit a solution of the nor 
mal nonlinear partial differential equa- 
tions with sufficient ease to permit their 
more widespread use in industrial appli 


computational 


cations 


J. Howard Arnold:! am glad to see 
that Professor Wilke and his students 
have attacked this complicated and ob 
scure problem of diffusion in multicom 
ponent am doubly glad be 
ible to 
state method of diffusiv 


systems. I 


cause they have been make use 
of my unsteady 
ity measurement 

Dr. Wilke has made 
tinct 
first 


proper type of mean value to use wher 


rather dis 
paper The 
specification of the 


two 


contributions im this 


one 1s the 


you are calculating a diffusivity in a 


multicomponent system from the related 


diffusivities in the binary systems. He 


might have added, also, that the expres 


sion he proposes is simply a weighted 


harmonic mean, as opposed to the 
by 


is badly 


weighted arithmetic 
Hougen and Watson 
in error 


mean sugi 
the latter 


some Cases 

The second contribution is to give for 
diffusion rates what might be considered 
another mean between the two extremes 
On the one hand, there are the rigorous 
ly correct, but impractically complicated 
equations of Gilliland. On the 
hand, there are 
sorts that are simple 
error. Dr. Wilke 
thing intermediate 


other 
equations of various 
but seriously in 
has proposed some- 
not so complicated 
but nearly as accurate as that of Gilli- 
land. Also, I think the assumption 1s 
safe that Dr. Wilke looked over various 
other possibilities with due diligence and 
this the best 
The agreement with the rigorous equa 


selected one as available 


tion was good. The complexity was per 
haps a little more than we would like 
but perhaps no more than we can ex 
pect at this stage ot development 


L. M. K. Boelter 


California 


(University of 
Angeles, Calif.): I am 
always pleased whenever there is pro 
gress which will allow one to establish 
the physical properties of substances 
other than water and air. Such a move 
is one in the right direction. You all 
recognize, | that the consider- 


Los 


Suspect 
able source of workers who were willing 
to spend much time determining proper 
ties lost. I. am referring to 
those people who worked on the Conti 


has been 
and we must now ac- 
cept a considerable fraction of that bur 
den if technology ts to go forward 


nent of Europe 


(Presented at Ninth Reqional Meet 
ina, Los Angeles, Calif.) 
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FLASH EQUILIBRIUM 


CALCULATIONS 


A MODIFIED RIGOROUS METHOD 


CHARLES F. MONTROSS 


General Aniline Works, Grasselli, New Jersey 


HE purpose of flash equilibrium cal 

culations is to determine the percen 
tage of each component that is finally im 
the vapor state or in the liquid state for 
any given set of temperature and pres 
sure conditions 

Assuming a tair amount of exper- 
ence in calculating phase equilibria, it 
is usually sufficient to make trom three 
to five trials, when using the rigorous 
method, in order to arrive at a satistac 
tory result providing the determination 
is not too difficult. 

Various approximate methods have 
been proposed in the last few years 
for the determination of phase equili- 
bria (2, 3, 6). Several plots have also 
been given for simplifying the calcula 
tions involved. These determine the 
values for each component (J, 4, 5). 

All the approximate methods require 
a few trials in any case. It would ap- 
pear desirable therefore to restrict one- 
self to the rigorous method and try to 
develop a means of reducing the number 
of trials required as well as increasing 
the accuracy of the subsequent guesses. 

Albeit the usual method of calculating 
flash equilibrium compositions is rigor- 
ous, it does not fix the end-point mathe- 
matically. The proposed modification 
accomplishes this. 


Types of Problems. Types of prob- 
lems encountered which require flash 
equilibrium calculations may be divided 
as follows 


1. Adiabatic. Initial and final heat 
contents must be equal. 

Flashing by sudden release of 
pressure is an example 
Nonadiabatic. Heat is added or 
removed. 

a. Vaporization as in a reboiler 
b. Condensation as in a condenser 


Usual Equations. Derivation of the 
usual equations for flash equilibrium 
calculations is straightforward, based 
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on material balances and partial pres 
sure relationships. It can be shown that 


(1) 


Method of Calculations. The usual 
method of calculating for any system 
may be outlined as follows 


1. From conditions of the problem, 
determine final pressure and as 
sume final temperature of flash or 
vice versa 
Find equilibrium constants for 
each component at these condi 
tons 


L 
Assume an y or ratio which 


ever is more desirable. It is 
usually’ preferable to choose the 
ratio which ts greater than unity 
Calculate the v and / for each com 
ponent. 
Find total vapor (I) by adding 
up all the individual v and simi 
larly solve for L 
Find ratio of Il’ to L. If this 
agrees with value assumed in step 
3, then proceed to following step 
If not, a new assumption must be 
L 
made ot or j 
6 repeated until assumed and cal 
culated values check. It is difficult 
to make the proper choice of sub- 


and steps 4 to 


L 
sequent trial values of the 


- ratio 


the assumed value as the abscissa 


As an aid, a plot of 
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and the calculated value as the 
A 45 
line represents the locus of the 
final value. By plotting each trial 
the proper value can be ap 


ordinate, may be made 


proached in four or five trials 

Since total heat content before 
flashing plus or minus the heat 
added or removed (zero for adia 
batic conditions), and the total 
heat content after flashing must 
be equal, a heat balance will show 
whether the equilibrium tempera 
ture or pressure selected was the 
correct one. If the heat balance 
does not check out, a new temper 


ature or pressure must be selected 
and steps 2 to 7 repeated. For 

nonadiabatic system, temperature 
is usually fixed by conditions of 
the problem, thus simplifying the 


calculation 


There are two major difficulties im] 
the use of rigorous methods: First. the 
necessity of trial and error and second 
the number of trials required as well as 
the difficulty of determining the value 
to be assigned for a subsequent trial 

The basic method of calculating flash 
equilibrium does not lend itself to an 
equation which could eliminate trial and 
error. Such an equation for the ratio of 

to the number of components present 
in the system. As an example, if there 
were four components in a given sys 
tem, the form of the equation would be 


ora would be of an order equal 


Gy Gy 


Since 


K,5-+1 ‘ 
and 7 a 
Gy 
= - ] 4 
+ +A 
and % 
i (le) 
V = qe, (1b) 
| 
: 
4 
5. 
— 
(3) 
L 
F=L+V 
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When the value of K is zero the cal- 
culation may be completed in the same 
manner as when A has a greater value 
However, when K equals infinity 


G(K —1) 
RK+1_ 


Where all the terms are taken under 


4 common denominator, the vapor to 
liquid ratio is of the fourth power giv Cross-multiplying 
ing tour answer for one set of condi 
tions, of which only one would be a real 
and positive solution 

It is because of the foregoing that 
several approximate methods have been 
proposed recently tor decreasing the - GK, 
amount of labor involved K,+1 
] 
Derivation of Proposed Method 


Combining terms, the final form of the equation ts 
By taking the basic equation and alge 


braically rearranging it, the author has G,(K, — 1) Ky 
+ « 

been able to arrive at a form which i lV’ 
shows more clearly the trend of the cal 7 Ay ; K; +1 
culations so that it is possible to calcu 
late the vapor-liquid ratio in fewer l 

Based on the ratio, this equation becomes 
trials than previously and to permit the ] 


aleulator to make a better second gues 
Gy 
= 


l 
+ K, 


In order to have a vapor-liquid mix, becomes indeterminate in this form. It 
some components must have equilibrium can be shown that 
constants which are less than 1.0. Thus 
some fractions above will have negative saa 
values. The sum of the negative frac 
tions must equal the positive. This can RK +1 
happen only when the vapor-liquid ratio 
is correct, i.e., when the value selected 
for the ratio is a root of the equation. 


(13) 
when K = x 


Advantages of the Proposed Method 
Sample Calculation 


1. One of the important features of 
this proposed method is that it pro 
vides a more definite result than the 
usual method. The following example 


will serve to illustrate this point 

A vapor passes through a partial 
condenser. The temperature in the ac- 
cumulator is 120° F. at a pressure of 
360) Ib./sq.in. What is the composi 
tion of each phase leaving the accu 
mulator ? 


It can be shown that the proper i 


ratio 1s somewhat less than 1.18, say 
1.17 (Table 2). Calculation by the 
usual method is shown in Table 1 
The result of 1.372 would be accept- ¢ 
able in a normal set of calculations 
Therefore, the calculation would have 
been 


1.372 
1.17 


1.173, 17.3% in error 
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. 
K kK i k j me 
l G, by iy, 
| k , 
Ki - +1 +1 K +] 
+ (10) 
) 
+ = 0 (11) 
1) 
+ =0 (12) 
K +1 A +1 
1 2 
Ky 
L 
; +1 | 
VK, VK, 
Gs 
+ + (6) 
+1 
VK, 
A, +1 K, +1 Ky +1 
l l l 
(4) 
+ 
VK, VK, 
Multiplying both sides by 
(ry Ge (rs 
j j 
A, +1 A, +1 K, +1 
‘ l / 
(8) 
i i l 
‘ ty ty 
‘ i 
+1 +1 +1 
A, lA 
i 
(9 


—OOMMON METHOD 


An sgreement of this kind would be 
ered good, normally. However 
posed method would show 
end point of the calculation 


onsid 
use of the pro 
that this is not the 


rABLE 


Comp. moles/hr 


2. This method gives an automatic 
check of the arithmetical accuracy of 
all the previous calculations. After 

G(K —1) 
the 
RK +1 


has come out to zero and, therefore, 


sum of the values 


the proper - ratio has been selected, 


it is necessary to divide the column 
of G values by the column of RK + 1 
values in order to get the 31 = L 
Subtracting from =G = F gives V. 


Then - gives a check. If no arith- 


metic errors have been made, there 
should be no difference except for the 
small imaccuracies due to the use of 
a slide rule. 


Values for Subsequent Trials—t sual 
Method. Aftey the calculations by the 
usual method have been completed for 
the first trial, an assumed value and a 
calculated value become available. The 
calculated value is the pivotal one. Ii 
the calculated value is less than the as- 
sumed, then the less 
than either. Similarly, if the calculated 
value is greater than the assumed, then 
the correct value is greater than either 


correct value is 


The numerical value to be used in a 
subsequent trial is difficult to determine 
The usual way is to depend on a plot 


of a assumed as the abscissa vs. -— 


PROPOSED 


calculated as the ordinate. A straight 
line is drawn between the known points 
and the intersection with a 45 
line is obtained by interpolation or ex- 
trapolation. This is then used 
subsequent trial. This be used 
where two or more calculations have al 


value 


lor a 
may 
ready been made. However, where only 
one set has been completed, the second 
trial point has only its direction fixed, 
as noted previously 

The author has developed a relation 
ship which gives fair results for the 
A plot 
of many flash equilibrium calculations 


estimation of this second trial 


METHOD 
OUR 


0.85 


oes 
602.2 
556.0 


positive 
negative 


has shown that the slope of a straight 
line connecting several trials on a 45° 
L 

a plots. From 
this an equation can be derived which 
could be used to estimate a second trial: 


plot is about one-half for 


Let xr = (assumed ) 


(calculated ) 
Subscript 1 and 2 are two calculated 
points located on the 45° plot. 


0.52, — 0.54, = — 


The point of intersection of this line 
with the 45° line (whose equation is 
y *) 8 at Ve 

— 0.52, 


(14) 


(calculated ) 


Similarly 


V 
(calculated) 7 


(assumed ) 
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The trial value obtained from the 
above relationships can be used for the 
next set of calculations. 

Values for Subsequent Trials—Pro- 
posed Method. In order to obtain a sec 
ond value of to be used in the sub- 


sequent calculation, an equation Is pro- 
posed which is based on the following 
derivation 


1. Let the sum of all the positive 
values be 


(17) 


Assume that 

Therefore 
1) 
RK * + 1 

Solving, 


Similarly, 


( K 


—B 


7. Therefore 


(A+B) 
(22 
AK ~ + BK ) 


Example. In the previous examph 
a first trial value of R = 2.0 had be 
calculated. For the second trial val 
the method just mentioned was used” 
A 2360 
B = 3G(K —1) negative = —8318 
=+ = 2544 =~ = —3526 

A 2860 


254.4 x 2.0 


1) positive 


= §.13 


(assumed ) 


(assumed ) 


(calculated) 


: 
14 
6 360 
Comp. moles/hr. ib. «qin. 
K $17 a4 98 271.7 
73 26 47.5 ) 
443 19 3.3 255.1 
175 0.83 2.23 65.2 
2,871 0.76 2.16 1,010.2 
“a 155 0.37 1.77 g24 
a 16 0.13 1.53 ia 
4.091 1.7245 
L 2366.5 
G(K —1) 
RK +1 
2 =K*., 
i GiK—1 RK+1 i i s+ (18) 
41 x 57.3° 48.3 
317 74 2,345 70 335.0 
73 2.6 i4 117 409 21 36.5 4 
445 19 398 2.36 169.0 62 152.0 ‘ 
175 0.83 0.17 29.8 1.594 18.7 706 175 
2,871 0.76 690.0 1.543 446 0 646 —419.0 K+. — | )pos. 
155 0.37 0.63 94.0 1.265 77.5 315 744 av ~ R 
16 0.13 0.87 14.0 12.6 
233 
523 R 
. 
B 
; (20 
RK 
6. Since 2 
i fg 
J2 
0.5 
Thus 
I L I 
Trial —— = 2<—- — (15) 
j j j 
A 
Trial = (16) 
| 
L 
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Teta 
Comp Prod Keflur a1} 
4 4) 410 
73 22.7 05.7 16 
b 445 168% 6114 69 
176 102.3 2773 O17 
“ 166 1177 272.7 068 
4001 2205 5 6206 
‘@ 


TABLE 4 


This comparison 


shows that the 
roviding 


amount 


temperature and pressure 


A 3526 20 
O68 
(2860 — 
R 


The final answer was shown to be 


ORSsS 


In the application of this method it 
mild be noted that it 
the amount of the component having 
infinite K value is 5 
le (Actually A always has a 
te value in any problem: dealt with 


loses 


accuracy 


greater than ™) 


Another method which could be 


used 


en two trials have already been mace 


simpler but does not give as 


good a 
This is a plot of RK as the 


1 value 


aDscissa as against the difference be 
tween the positive and negative values 
‘ G(K 1) ht 
° Straight line 1s 
RK +1 


drawn between the 


two values obtained 
and is interpolated or extrapolated 
A quick method but of limited utility 


is to obtain a trial value by using the 
ratio) values of 
1) 
to the negative values 
RK +1 
and multiplying by the used prev 
rously 
Effect of Change of Reflux Rati In 
the determination of phase equilibria 
needless calculations are often made 
when there i a change m the reflux 


rate of a tracthionating columr lt tl 


COMPARISON 


of reflux hae 


TABLE 8 


R=0427 

RK +1 L 

a 96 2° 
a6 572.0 77.8 
153 2.11 72.6 45.4 
551 304.0 
47.1 1.356 544 204.0 
1108 1.325 1480.0 
1.158 1483 236.0 
1 OS¢ 25.4 29.2 

Positive 104644 


Negative 1044.5 


Mole 
Fraction 


of the 


eparation drum conditions remaim the 
ame i.e, vapor product, pressure and 
temperature as previously, then the 


amount of reflux condensed by the par 


tial condenser does not affect the final 
composition of the liquid reflux 
This can be illustrated in Tables 3 


ind 4 using the previous example 


Several “Rules of Thumb” 


1. Before any flash equil 
brium calculations, the dew point or bub 


starting 


hle point or both should be checked 
Much time has been wasted trying to 
obtain an equilibrium which seems al 
most to give an answer but never does 
because the system is above the dew 
point or below the bubble point. The 
proposed method shows with the first 
set of calculations whether the system is 


above the dew point or below the bubble 
point 
2. In checking the dew point or bub 


ble point, whenever the calculated value 


it Kl or! is greater than the 


kK 
original, there is a mixed phase present 

3. When all equilibrium constant 
values are greater than one, the system 
is above its dew point 

4. When all the equilibrium constant 
values are less than unity 
below its dew point 


the system is 


5. Sometimes, it may simplify matters 
the 
base component has an alpha 1, its 


Gla 1) 


to use relative volatilities. Since 


is equal to zero. This is es 


Ra +1 


the system 
contains three components and the ref 


pecially convenient where 


erence component selectet is the middle 


one. Use of relative volatilities might 
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also be helpful where the system has 
high values for the equilibrium con- 
stants. 

6. At the bubble point, £G(K — 1) is 
equal to zero. Below the bubble point. 
it has a negative value 


Notation 
A IG(K 1) for positive val 
ues 
LGik 1) for negative val- 


ues 


I XG total moles in mix 


Gy moles of individual compo- 


nent » where n any com 


ponent 
equilibrium constant 


synthetic average equilibrium 
constant 


l total moles of liquid 


l moles of a given component 


in liquid phase 


m slope 
R 
lV’ = total moles of vapor 
t moles of a given component 


in vapor phase 


t mole fraction of a given com 
ponent in liquid phase 


\ mole fraction of a given com 
ponent in vapor phase 


| 
1) 
2* tor positive 
RK +1 
values 
G(K —1) 
~ for negative 
RK +1 
values 
SUBSCRIPTS 
1,2... = component number 
I in feed 
a average 
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NE problem arises from the glam- 
orous nature of the subject itself. 
So much has been written about atomic 
more properly nuclear—energy, it is 
small wonder that misconceptions and 
false hopes have arisen. For example, 
it is frequently stated that the energy 
in a thimbleful of water can be used to 
drive the Queen Mary across the Atlan 
tic. The energy is there—no question 
about that—but, in spite of recent ad- 
vances in the atomic energy art, no way 
is known of extracting this energy from 
so small an amount of fuel. 


A fundamental concept called the 
“critical size” is also of importance. 
The significance of this concept 


lies in the fact that a certain minimum 
amount of material is required before 
any nuclear chain reaction can proceed 
This minimum or critical size happens 
to be large, certainly large compared to 
a thimble. To critical size must be added 
enough shielding to make reactors safe, 
and the amount of shielding required, 
according to present knowledge, is of 
considerable volume and weight. As a 
result, machines for extracting atomic 
energy, are all necessarily of relatively 
large size. This, in turn, limits the 
applications to those in which power is 
used in correspondingly large amounts 
Thus, atomic-powered automobiles, sew- 
ing machines and household gadgets 


fosium, at Al 
Vecting, Pittsburgh, Pa.) 
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REACTOR PROGRAM OF ATOMIC ENERGY 


CURRENT STATUS AND PROBLEMS 


U. S. Atomic Energy Commission 


This article summarizes the status of the development of nuclear re- 
actors by the Atomic Energy Commission, and outlines a few of the 
broad problems, particularly those in the field of chemical engineering. 


(Presented before Atomic Energy Sym- 
Forty-second Annual 


COMMISSION 


LAWRENCE R. HAFSTAD 


fuel is small. Therefore, since atoms 
energy promises further reduction i 
fuel costs only, it is clear that even suc 
cessful power-producing reactors coul 
bring little, if any, immediate reducti 
in the cost of electric power to the con 
sumer. 

Another problem is that of supply o 
nuclear fuel. Considerable amounts o 
uranium are in the earth's crust but fe 
concentrated deposits are yet known 
great search is going on for them, b 
up to now the world’s total supply « 
high-grade uranium ore, the basi 
source of fuel for reactors, is definitel 
limited. Also of the total uranium na 
turally occurring, only 1/140, that 


should be promptly eliminated from 
one’s thinking 

Large electric power plants supplying 
our and power reactors 
would seem to be of more nearly com- 
parable size. However, this not 
mean that cheap electric power from 
atomic sources is assured. The money 
the consumer pays for electricity goes 
largely to cover costs of distribution 
Relatively, the cost of the coal or other 


cities atomic 


does 


Nuclear Reactor—Uranium “Pile” 
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Courtesy T. 


Sketch of first self-sustaining nuclear chain reactor built under the West stands of Chicago's Stagg Field. 


10 of 1%, is of the fissionable form used in a B-36 airplane. Perhaps this is sign of the first “crop” of reactors 


235. Thus, if atomic energy is to be evidence that few persons really care Chere are four of these. These reactors 
leveloped as a power source, it appears Cost is not always the dominant factor and their purposes are listed here as 
lat an immediate concern should be For example. even civilian operators preliminary and helpful information in 

make use of the relatively large probably would consider secondary the studying the chemical and chemical 


mount of nonfissionable U-238, as well cost of electric power which can be pro engineering problems involved The 


the fissionable U-235. The possibility vided close to a valuable mineral deposit four reactors on which attention is be 
{ doing this with a “breeder” -type re that is remote from other power sources. — in 
ctor is an attractive one. Here em \ 


focused are 


third answer can be given by the 


hasis is made that unless the breeding — jine of reasoning that, although nuclear 1. Materials Testing Reactor whw 

f new fuel becomes successful, the reactors are now extremely costly, the as its name indicates, will be uss 

robability of civilian use of atomic newness of the technology and genera! in studies of materials to be em 
ud g ri 


ywer is dim. The difficulties are clearly 


unfamiharity with this field madicate that ployed in building reactors 


rge these costs will certainly drop over the 2. Ship Propulsion Reactor, which ts 
Why, then, is work going forward on next several vear \ corollary observa a land-based reactor designed as a 
¢ development of new and better re tion is that the cost of power produced prototype of a reactor for use i 
tors Chere are several answers to from other sources appears to be follow propelling submarines 

Is question ing a continually rising trend. Thus, it 3. Experimental Breeder Reactor 


rhe first is that, even if the future ' conceivable that sometime im the fu which ts for use primarily to ex 


holds nothing less dismal than the con ture the cost of atomic power, high plore possibilities of breeding, that 
tinued production of atom bombs, it be though it be, will be less than the cost is, producing more fissionable ma 
hooves this nation to keep in the fore of power from other sources. Such tacts terial than is consumed. This re 
front of reactor technology. At Han account in part for statements by ex actor will operate with high en 


ford fissionable materials for atom  perts that the day of economic civilian ergy, or fast, neutrons 


bombs are produced in great nuclear re atomic power is at least a decade or two 4. Intermediaie Power Breeder Re 


actor, which is designed to pro 
duce a significant amount of elec- 
tric power and at the same time 
explore possibilities ot breeding 


actors, and, sooner or later, the design 4W4Y 

of these reactors will become obsolete Fortunately, it makes little difference 
Thus, considering the present interna which of the three answers is the moti 
tional atmosphere, a large fraction of vatimg one, the immediate actions that 


the enormous cost of the reactor pro must be taken in reactor development This reactor will operate in the 
gram must be charged to military neces are the same. Reactors now being built intermediate energy range 
sity or to be built soon, are all essentially 

\ second answer to the question, why experimental. They are designed to in This four-reactor program crystal 
improve reactors, arises from the fact part knowledge on their building and jizes the best thinking the nation has 
that there are tumes when the che upnes operation 1 ather than ter the actual use been able to muster on reactor problems 
of power is not the controlling factor tT output nee the end of World War Il. How 
This writer has never seen a figure for The first phase of the reactor develop ever, these are in no sense the only 
the cost per kilowatt-hour of the power ment program is the selection and ce reactors which could be built. Indeed 
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many kinds of reactors are conceivable, 
and this fact in itself represents one of 
the major difficulties in formulating a 
rational reactor program. 

It happens that the writer was asso- 
ciated closely with the country’s guided 
missile work during and immediately 
after the war. The situation in the two 
felds is surprisingly similar. In the 
guided missile business there was a 
saying after the war that every time 
three engineers got together, a new 
guided missile was born. The same 
statement might apply to the reactor 
field. 

Reactors can be made to operate with 
slow, fast, or intermediate energy neu 
trons; at high, low, or medium temper 
atures; with a half-dozen different mod 
erators; with a half-dozen different 
coolants; with mechanically rigid fuel 
or with the fuel in solution 
The number of conceivable reactors is 
determined by the many permutations 
and combinations of the above-named 
factors 


elements ; 


The Commission took a step forward 
when it obtained the recommendation of 
advising scientists that four, and only 
tour, experimental reactors should be 
the initial goals of the nation’s program 
Each reactor represents an undertaking 
of such difficulty that only by strong 
support behind each one, both in men 
and in money, can there be any likeli 
hood of Diffusion of effort 
over too many reactors would lead al 
most certainly to disappointment and 
failure 


success 


This program represents on the one 
hand a balance between reactors con 
tributing to the solution of military and 
civilian problems and, on the other 
hand, a balance between reactors 
which use up fissionable material and 
reactors which promise to replenish or 
merease the national supply of fission- 
able material. It represents also a bal 
ance between a bold attempt to solve im- 
mediate problems by the engineering 
approach as in the Navy submarine re- 
actor and the power-breeder, and the 
long-term research approach of gaining 
information about the behavior of ma- 
terials under novel, but controllable 
conditions, as in the case of the mater 
ials-testing and fast neutron-breeding 
reactors. 

The second phase of the reactor de- 
velopment program has been entered 
recently, i.e., construction. This stage 
will extend over a considerable period 
of time. Fabrication of components and 
auxitharies and the erection of structures 
for a reactor are complex and time- 
consuming. The program is going for 
w ard 


The Experimental Breeder Reactor is 
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Courtesy U. 8. 


Start of a neutron bombardment for producing radioisotopes in Clinton chain- 
reacting uranium “pile.” Dr. Waldo Cohn demonstrates how samples of materials 
are inserted into the pile to make them radioactive. 


farthest along. Nuclear design by the 
Argonne National Laboratory has been 
completed, and architect-engineering de- 
sign work by the Austin Co., of Cleve- 


land, Ohio, is more than 90% complete. 
The Bechtel Corp Francisco, 
Calif., has been selected as the construc- 
Installation of utilities, 


San 


thon contractor 


A view of the “rabbit” (pipe extending through wall at left) which is a device 


whereby materials can be introduced quickly and easily into the pile for neutron 
irradiation. 
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excavation work and construction of an 
access road are already underway for 
this reactor at the nation’s new Reactor 
Testing Station in Idaho 

The Materials Testing Reactor, which 
is also to be located at the Reactor Test 
ing Station, is following close behind 
Scientific design has been completed 
jointly by the Argonne National Labor 
atory and the Oak Ridge National La 
boratory. Detailed engineering design 
is being done currently in Pittsburgh by 
the chemical plants division of Blaw 
Knox. Construction is expected to begin 
im the spring 

For the Ship Propulsion Reactor 
engineering and development work is 
being carried out at Argonne and at the 
Westinghouse atomic power division on 
the site of the old Bettis Airport near 
Pittsburgh and detailed engineering de 
sign is scheduled to begin in about a 


year. Construction should be underway 
by 1952. The reactor will be built at the 
Reactor Testing Station 

As to the Intermediate Power 
Breeder Reactor, engineering design 
work has been pushed to an advanced 
stage by the General Electric Co. The 
reactor is planned for construction at 
the West Milton (N.Y.) site near 
Schenectady Preliminary site work 


now underway IS EXpec ted to be com 

pleted in time for construction of major 

tactlities to begin early in the 1950 con 

truction season 

lo return to the question ot “breed 
it is noted that of the 


breeders and two are 


ing four reac 


tors, two are non 


breeders. The nonbreeders are pointed 


essentially toward power production 
reactors represent a more 
and which, this 


writer believes, will be of exceptional 


The breeder 
subtle concept one 
interest to a professional group in chem- 
ical engineering 

The breeding process consists of pro 
aluction of fissionable material in a re 
actor in greater amount than is used up 
in the fission process which keeps the 
The hope is for the 
breeding of substantially more fission 
able material than is consumed as fuel; 
hence the label “Operation Bootstrap.” 
In spite of implications, breeding is not 
akin to perpetual motion, though it is 
almost as The promise is 
that by feeding a reactor the relatively 
more but nonfissionable 
U.238 it may be possible to keep the re 
actor almost indefinitely supplied with 
fuel. Yet there is no magic or mystery 
involved; the success of the breeding 
process depends directly on the extent 
to which neutron losses can be reduced. 

Uranium happens to come in nature 
in two forms, differing only in atomic 
weight; namely, U-238 and U-235. Only 
the U-235 is fissionable. By the fission 
of U-235 in a reactor containing both 


reactor operating 


intriguing 


abundant 
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U-235 and U-238, excess neutrons re- 
leased in the fission of U-235 may be 
captured by the U-238 and, as a result 
of the capture, convert U-238 into the 
fissionable new element, plutonium. 

This is the process of the Hanford 
The important point is that 
less plutonium is formed than there was 
U-235 in the first place. In other words, 
in the Hanford reactors, there is a net 
Only part 
of the energy originally available in the 
U.235 ends up in plutonium which can 
be used for bombs or other purposes; 
the rest of the energy is wasted 


reactors. 


loss of fissionable material 


In each fission process average 

and three neu- 
trons One of these 
neutrons is required to replace the 
original neutron and maintain the chain 
reaction. Another is captured by U-238 
with the resultant creation of a pluton- 
ium atom. Then, there is still on the 
average a traction of a neutron avail 
able to take care of leakage and losses 
Such a reactor would be an ideal “con 
verter 


an 
of between two 


are emitted 


because, at the end of the experi 
ment, there would be one atom of plu 
tonium created for every atom of U-235 
since allowance 1s 


destroyed. However 


made for a traction of a neutron per 
losses, if 
stull the operation 
would end up with more than one fis 
plutonium for each 
235 atom. That would put 


into the operation 


fission tor these losses could 


be reduced further 
sionable atom 
fissionable U 
“profit 
235 to 


produces enough 


Continual conversion of 1 


plutonium ultimately 
plutonium to build a new reactor with 
this fuel. Now, the real 
breeding process can start. Beginning 
with a given amount of fissionable plu 
tonium, if more plutonium is produced 
than is used up, the longer the opera 
tion continues the more plutonium will 
be found in the reactor, as long as—and 
this is the important point—there 1s an 
adequate reserve supply of the nontfis 
sionable U-238 available. This is cer 
tainly not perpetual motion. This is 
merely a process of converting unusable 
U.238 into usable fissionable plutonium 
However, this is no mean achievement, 
for the supply of U-238 is 140 times as 
great as that of U-235. The rate of 
augmentation of supply promises to be 
very slow at best, but the potentially 
available supply of fissionable material 
is being increased—the potential atom 
bomb stockpile, if you like—by a factor 
of 140. This is a goal worth shooting at. 

Difficulties are not over, however, if 
in the reactor itself the breeding process 
is successful. There remains the 
problem of reprocessing the fuel ele- 
ments themselves. Fission products 
radioactive elements in the neighbor 
hood of barium in the periodic table, are 
These are 


element as a 


formed in the fission process 
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the ashes of the reaction which, in suffi- 
cient accumulation, tend to smother the 
fire. Every so often the fuel elements 
must be removed from the reactor, 
chemically purified to remove fission 
products, refabricated and reinserted 
into the reactor. Losses in this chemical 
processing are just as effective in re- 
ducing “profit” as the losses of the neu- 
trons themselves. The key question, 
therefore, is: Can the total losses, both 
of neutrons and in chemical processing, 
be kept sufficiently low so that in a com 
plete cycle there is a net gain ? 

Here is where the chemical engineer 
comes in, here, one obtains a 
glimpse of the nature of a new front 
opening up in the campaign for reactor 
development. The problem of fuel re 
processing is an enormous one, and it is 
almost entirely a chemical engineering 
problem. The this 
is so high that, even if all other costs in 
the reactor business were kept low, it 
alone might keep power derived from 
nuclear reactors from competing eco 
nomically with other fuels. It pains this 
writer as an engineer to see carefully 
fabricated and machined parts, products 
of many man-hours of highly skilled 
work, casually dissolved in acid to start 
the chemical purification. This pro 
cedure is even more painful to chemical 
engineers, so they have been suggesting 


and 


cost ot processing 


reactor designs im which the laborious 
fuel step 
eliminated either by placing the fuel in 
a solution or by utilizing techniques of 
transporting fluidized solids 

From thinking emerges 
the possibility of a new kind of reactor 
called the homogeneous reactor. All re 
actors constructed so far, except for 
one small experimental unit, have been 
built upon the principle of embedding 
tuel elements in other materials used for 
cooling, reflecting, and moderating. The 
question has been studied and restudied 
from time to see whether it 
would be feasible and practical to make 
a reactor in which these constituents 
are mixed together uniformly; hence 
the term “homogeneous reactor.” 


element fabrication can be 


such there 


time to 


its var 
up 
tirely new vistas and areas of develop 
ment in the field of reactor design. It is 
this writer's belief that with experience 
from the first four reactors under our 
belts the position would be favorable to 
attack this difficult new design and this 
new type will constitute a large part of 
the next crop of reactors. Obviously 
chemical engineering must contribute 
heavily. It must come to grips with the 
fuel reprocessing problems involved in 
the operation of the first four reactors, 
and begin to take advantage of the op- 
portunities which exist in the 
geneous” design 


The homogeneous reactor, in 


ious conceivable forms, opens en- 


“homo 
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SECTION 


SOUTHWEST IS CALLING! 


Amer 
Engi 
Tex 


Persons 


HE regional meeting of the 
Institute of 
neers will be held in 
Feb. 26-28, and March 1 
attending will want to visit some of the 


Chemical 
Houston 
1950 


ican 


pomts of imterest in addition to attend 
Even though 
the city has amazed the industrial world 


ing the technical sessions 


with its phenomenal growth, it has man 
aged to maintain its cultural status also 

On Jan. 1, 1950, the 
Houston was estimated at 620,000 
(rreater Houston at 700,000, and Harris 
County at 780,000 
city in the South 

First, Houston is proud of the Hous 
ton Ship Channel 
wharf facilities 
in length and extends from the entrance 
Bay to Houston. Of this 
about 50 miles represents the 
ship channel proper and 8 miles, the dis 
tance from the Bay to the Bolivar Roads 
entrance and the deep water of the Gulf 
About half the 
dredged through Galveston Bay; the re 


population of 


Thus it is the largest 


Turning Basin, and 


The channel is 58 miles 


to Galveston 


chistance 


channel proper was 


Street, 
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Houston's principal business thoroughfare. 


HOUSTON 


Thirteenth Regional 
Meeting 
Rice Hotel 
February 26-28, March 1, 
1950 


Article by 
W. H. Tonn, Jr. 


mainder is the enlarged Buffalo Bayou. 
Channel has an average depth of 34 feet, 
and a width which allows ocean-going 
vessels complete maneuverability. 

The banks of the channel are lined 
with chemical plants, oil refineries, cot- 


Courtesy of Houston Chamber of Commerce 
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ton compresses, and general shipside 


warehouses. Berthing space can accom 
modate 80 ocean-going vessels 
Seventeen railroads serve the city and 
connect with the port Ton- 
handled by Port Houston last year 
second only to New York in 


facilities 
nage 
placed it 
this country 

Near the location where the 
Jacinto River Buffalo 
Bayou (Ship Channel) and on the oppo 
side of the Bayou is situated the 
Jacinto’ Battleground, Memorial 
and the Battleship “Texas It 
was on this that General Sam 
Houston won the battle for the 
pendence of Texas from Mexico by de 
feating the Mexican Santa 
Anna. The monument is the tallest 
single shaft in the world, towering some | 
570 feet into the sky. An observation 
100m at the top and elevator provide for 
At the same location is the 
Battleship “Texas” which is open to the 
public and contains much of its original 
equipment and trophies. 


san 
empties mito 
site 
San 
Shatt 
spot 
inde 


General 


access 


Houston's new $1,750,000 City Hall 


‘ 
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W. A. Cunningham, Chairman, 
Regional Meeting 


Houston 
There is Rice Insti 
the most advanced educa 


As tor educational facilities 
has its fair 
tute 


share 
one of 
tional institutions in the nation, and its 
beautifully landscaped campus and tine 


architecture. The rapidly growing Uni- 
versity of Houston is located in a splen- 
did p:ne-wooded tract of land and has a 
large expansion program underway. The 
University of Den- 
tistry, Baylor College of Medicine, and 
State 
complete the resume 
The Texas Medical Center is still un- 
construction 


Texas School of 


Texas University for Negroes 


der although a portion, 
such as Baylor College of Medicine, has 
been completed. This is 
not far from the center of town. In 
cluded im it ts the $12,000,000 Veterans 
Hospital, Hermann Hospital, the M. D 
Anderson Cancer Research Laboratory 
and Hermann Burlding 
Also, the University of Texas School of 
Dentistry is scheduled to 
building at the site 


a 163-acre site 


Professional 
construct a 


The gigantic Sam Hlouston Coliseum, 
which houses the Annual Houston Fat 
Stock Show and other events; the 
$2,000,000 City Hall; the Public Library 


Courtesy of Heuston Chamber of Commerce 


New express highway now under construction from downtown Houston 
to Galveston. 
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Courtesy of Heuston Chamber of Commerce 


Statue of General Sam Houston, com- 

memorating the battle at San Jacinto. 

which stands at the entrance to Hermann 
Park in Houston. 


with its 306,000 and Music 
Hall, are located within the shadows of 
the downtown skyscrapers 

For 
music, it should be remembered that the 
Museum of Fine Arts has an exhibition 
works of art, 


volumes ; 


individuals mterested in art and 


ot numerous pamtings 
and sculpture 

Houston has 62 municipal parks and 
tour 
golf courses, bridle paths, tennis courts 
and other recreational facilities. Her 
mann Park is the home of a fine zoo 
and a museum of natural history. Many 
beautiful country clubs dot the city 

Within a short distance are numerous 
cattle ranches, oil fields, rice farms, 
sulfur These can be easily seen 
by auto trip, along with the Washburn 
Tunnel now under construction. This 
tunnel will give passage to motor ve 
hicles between both sides of the channe! 
at Pasadena 


playgrounds, imeluding municipal 


and 
wells 


Another feature of the program will 
he the students section. Chemical eng: 
neering students in the various South 
west colleges have been invited to pre 
sent papers on various chemical engi 
neering processes. These papers will be 
screened first at the colleges and those 
selected will be presented at the regional 
March 1, in competition tor 
more than $100 offered in prizes. In 
this 


activities will be a luncheon im 


meeting, 


cluded in student section of the 
which 
recognized outstanding men enter 
informal talks and conversation with the 


students 


inte 


February, 1950 
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WATER PURIFICATION 
Through Distillation 


@ Potable Water from Sea or 
Brackish Water 


@ Pyrogen Free Water from any source 
®@ Bacteriologically Sterile Water 


CLEAVER-BROOKS COMPRESSION STiLLs are highly effi- 
cient in two widely divergent but essential applications 
in chemical and processing industries: 

Chemically pure, pyrogen free, distilled water, (so pure 
that it is used for intravenous or medical preparations) 
can be produced by Cleaver-Brooks Compression Stills. 
Pure water at a cost as low as 65 KWH per 1000 gal- 
lons, (equal economies with Diesel units). 


CLEAVER-BROOKS COMPRESSION STILLS solve many con- 
centration problems. They provide economical recovery 
of valuable solids which are normally lost in waste 


For complete information on 
Cleaver-Brooks Distillation Units 
write on your letterbead to Dept. CDU. 


CONCENTRATION FOR RECOVERY 
OR DISPOSAL 
@ Concentration for Recovery 
Tanning Liquors Penicillin Slurry 
Brine Industrial Chemicals 
Amino Acids Black Liquor from 
Other solutions Pulp-Paper Mills 
and substances 


disposal. Cleaver-Brooks Stills have concentrated Tan- 
ning Liquors, Brine, Penicillin Slurry, Black Liquors 
from pulp mills and many other solutions. 


Available in standard size units from 75 gph to 2100 
gph, electric or Diesel drive. Larger sizes to fit specific 
applications can be constructed for field erection. Your 
water or concentration problem will be thoroughly studied 
by Cleaver-Brooks engineers and recommendations made 
for improving your plant production. 


CLEAVER-BROOKS COMPANY 


393 E. Keefe Avenue, Milwaukee 12, Wisconsin 


BUILDERS OF EQUIPMENT FOR THE GENERATION AND UTILIZATION OF HEAT 
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NEW RESEARCH LABORATORY, FOOTE MINERAL COMPANY 


cilities 


OMMITTEE APPOINTED 
FOR A.E.C. STATION 


Appointment of a three-man Engi 
veering Advisory 
he Idaho 
Atomic 
ylanning and development of the Re 


Committee to assist 
office, | > 


Commission, on the 


()perations 
Testing Station announced 
ecently by L. I 
he Idaho office 


was 
Johnston, manager of 
Members of the Committee are 
ral L. J. Sverdrup, Chairman; Dr. H 
1. Crothers: and W. W. Horner All 
sree have long records im the field of 
mwineering 


General Sverdrup is president of 
Sverdrup and Parcel, Inc., consulting 
engineers, of St. Louis, Mo. During 
World War IL he served as acting chief 


engineer to 
the Leyte 
Philippines 


(seneral MacArthur during 


and Luzon invasion in the 


ind later as 


(eeneral of the 


Commanding 
Engineer Construction 
Command in the Southwest Pacific 

Crothers is and 
Dakota 


During 


vice president 


dean of engineering, South 
State College trookings, S. D 
the war he served as deputy director of 
Science and 
War 
ment 

Mr. Horner is a partner in the 
of Horner and Shifrin 


neers of St 


Management 
Traming for the UU. S. Govern 
hem 
consulting engi 

Mo. He has 


lecturer aml a professor 


Louts been a 
it Washington 


University 


The new three-story building of the Foote Mineral Co. on the Lincoln Highway 
Berwyn, near Paoli, Pa., has been equipped to carry out basic research, product 
velopment, and engineering studies related to improvement in equipment design 
d process control. The top floor is devoted to chemical investigations, including 
nalytical, inorganic, physical, and organic chemistry laboratories and glass-blowing 
Further development work on lithium compounds, zirconium, is the 
bject of major projects. The expanded facilities were shown for the first time 
t an informal open house held recently at the new laboratories. 


Commenting on establishment of the 
Johnston said 


new committee, Mr 


“In the development of the Reactor 
Testing Station, we recognize the need 
for the most competent technical ad 
vice that can be obtained. Through the 
Engineering Advisory Committee, we 
are getting men with background and 
experience who will help us to build 
soundly, efficiently, and economically.” 


A.C.S. CONTINUATION 
COURSES ANNOUNCED 


The chemical education committee ot 


the Philadelphia section of A.C.S. will 
present two continuation courses during 
the ten weeks commencing Feb. 13 
Both courses will be given at the Phila 
delphia College of Pharmacy and 
Science, 43rd and Kingsessing Ave 


Philadelphia 
Chemical Engineering 


Thermodynamics is intended to supple 


Course ] 


ment undergraduate courses in chemical 


thermodynamics. Eight specialists will 


discuss various aspects of the subject 
Monday evenings—7 :30-9 :30 

( owrse Instrumental Electronics 
is a new course orgamzed to meet the 


desires of chemists who use electronic 


apparatus in the laboratory and who are 
interested im acquiring some familiarity 
with its mechanism of operation. Tues 
30-9 

Each course will be $10 for members 


of the A.CLS., and $12 per course tor 


day evenings—7 


nonmembers 
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DEADLINE—MARCH 15 
ENGINEERING SURVEY 


The closing date for the nation-wide 
survey of selected engineering personnel 
now being sponsored by the Engineers 
Joint Council for the U. S. Office of 
Naval Research has been announced as 
March 15, 1950. Up to Jan. 20 more 
than 60% of the 115,000 questionnaires, 
full national 
enginee “ing answered. 
Following processing by the A.S.M.E., 
O.N.R 
agreement, the will be 
kept in Washington as a source file ot 


sent tw members of 18 


socreties were 


contracting agent under an 


questionnaires 


the nation’s key engineers and scientists. 

[he survey was initiated as the result 
of a conference held in Washington late 
in 1948 attended by E.}.( 


tives and those of many other engineer 


representa 


ing agencies, at which the need was dis 
cussed for a list of key engineers work 
ing in research, development, and other 
scientific projects, who could be called 
a full-time or part-time basis to 
work on the broad programs 
of the National Military Establishment 

A national facts 
gathered by the survey will be available 
to Crovernment agencies industrial 
cational and professional society plan 
ning groups, and for other legitimate 
purposes 

The survey is managed by the E.J.C. 
Committee. C. E 


A.S.M.E 


nm on 
scientific 


asset, the body of 


edu 


Davies, secretary of 


is chairman. 


NATIONAL CHEMICAL 
EXPOSITION OF A.C:S. 


The Sixth National 
position by the Chicago section of the 
American Chemical Society, will be held 
in the Chicago Coliseum Sept. 5-9, 1950 


Chemical Ex 


wecording to an announcement by Dr 
Marvin C. Rogers, research director ot 
R. R. Donnelley and Sons Co 


chairman of the 


who ts 
committee im charge 

Dr. Rogers has also announced the 
names of the members oi the Exposition 
Committee who will assist him in plan 
ning and conducting the chemical show 
These are: Dr. George G. Lamb, Tech 
Institute of Northwestern 
University; Orville G. Linnell, R. R 


Donnelley and Sons; Dr. T. U. Marron 


nological 


\. B. Dick Co.; Dr. C. S. Miner, Jr., 
The Miner Laboratories ; \ E 
Schneider, The Armour Laboratories 
Dr. H. W. Schultz, Swift & Co.; B. N 


Swift & Co., and H. |} 
Williams Co. De 


tails of the Exposition will be handled 


Rox kwood, 
Schwarz, Sherwin 
by the manager, James J. Doheny, newly 
Chicago sec 
1946, Doheny 
has been in charge of arrangements tor 
national meetings of the A.C.S 


appointed manager ot the 


tion of the A.C\S. Since 


February, 1950 
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UNIFORMITY 


both in the means 
and in the end result 


heating and drying. 


FOSTER WHEELER indirect heating equip- 
ment plays an important part in ao special 
process developed by the Plastic Film Cor- 
poration. Indirect heating with Dowtherm 
makes it possible to expose film to air at a 
high temperature (475 F) for drying or other 
conditioning without risk of fire or spoilage. 


Process heating systems with Dowtherm va- 
porizers—designed, engineered, and built 
by Foster Wheeler— provide the uniform and 
precisely controlled temperatures which con- 
tribute to improved production quality and 
reduced operating costs. 


DOWTHERM 
VAPORIZE 


O 


OY Pass 
VALVE 


CHARGE 


( ) STORAGE TANE 


Flow diagram of 
Foster Wheeler Dowtherm Heated Process System 
employed by the Plastic Film Corporation 


FOSTER WHEELER CORPORATION 
165 Broadway, New York 6, New York 
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NOYES EDITOR 
J. AM. CHEM. SOC. 


Dr. W. Albert Noyes, Jr., chairman, 
department of chemistry, University of 
Rochester, became editor of the Journal! 
of the American 
Jan. 1. He succeeds Dr. Arthur B 
Lamb of Harvard University, who is 
retiring from the post after a 3l-year 
service. Both Dr. Lamb and Dr. Noyes 
are former presidents of the society; 
Dr. Lamb held that office in 1933 and 
Dr. Noyes in 1947. Dr. Lamb will con 
tinue to serve the monthly as consulting 
editor. The editorial headquarters will 
be moved from Harvard to the Univer 
sity of Rochester, 


Chemical Society on 


STANDARD STEEL BUYS 
HERSEY DRYING DIV. 
Standard Steel Corp., Los Angeles 
Malif., recently announced the outright 
eval of the drying machinery divi 
sion of Hersey Manufacturing Co., 
Mass. Standard Steel has for 
years manufactured drying and 


dehydration 


Boston 
many 
equipment for chemicals, 
fertilizers and by-products 
Plans for 1650 call for 
img m the east as 
plant at Los 


manutactur 
well as in the main 


Angeles, and expansion of 


sales, service and plant facilities is al 
ready under way. H. W. Harrigan, 
general manager of the Hersey division, 


will becom Stand 


\. Boyd, chief engi 


eastern manager ot 
are Steel orp J 


wer tor Hersey with 25 years’ experi 
nee m the design of dryers 
0 Los Angeles to assume a similar posi 


on at Standard Steel 


is 


assisting Russell 


Love, vice-president in charge of 


ng ineeriny 


LOAN FELLOWSHIP 
GRANTED BY M.LT. 
Fourteen business 


young executives 


largest group in the 13-year history of 
the executive development program of 
the Massachusetts Institute of 
ogy Mass 
Sloan Fellowships in 1950, it 


cently 


Technol 
{ ambr ulge, will be awarded 
was fe 
announced These fellowships, 
awarded to outstanding young execu 
tives in a nationwide competition, cover 
a year of advanced study in economics 
and business administratior at the Insti 
tute and are aimed at preparing men 
for higher executive responsibility 

The fellows will be drawn from both 
large and small companies im various 
types of industry throughout the cour 
try rhe 
will 


consisting ot 


winners of the fellowships 
program 
and field 
investigations aimed not only at increas 


participate im a special 


seminars, classes 


ing technical managerial skill, but also 
at deepening their understanding of the 
and economic 
their work. They will study in the In- 
stitute’s departments of business and 
engineering administration and 
nomics and social science, and will have 
an opportunity to conduct a special in- 


social implications of 


eco- 


vestigation in some selected field of in- 
dustrial activity such as finance, produc- 
tion, distribution, or labor relations. 
Applications for the awards must be 
made by Feb. 24. Recipients will be 
selected on a competitive basis by 
M.I.T. Awards range up to $2700 for 
single men and up to $3700 for those 
who Fellows will be in 
residence at the Institute in Cambridge 
from June 9, 1950, to June 10, 1951 
Applicants must be between the ages of 
3) and 35 and have at least five years’ 
industrial experience, part of it in an 


are married 


executive capacity 


INDUSTRY GROUP TO 
STUDY A.E.C. FILES 


\ working party of representatives of 
technical and engineering societies and 
business press has been selected by the 
Atom 
the examination of 


Energy Commission to begin 
declassifiable tech 
held of 


a view to determining 


information in the 
with 
its possible value to American industry 


nologt al 
metallurgy 


Members of the working party who have 
been given complete clearance to 
and to 
tricted mformation are 


enter 


restricted areas examine re 


Keith Henney, consulting editor, 
conics and Electronics and repre 
entative 

A. Tucker 

F. J. Van Antwerpen, Editor, Chen 

Ch.t 
Siulney Kirkpatrick, vice-president 


Hill took Co 
Chemical Engineering 
« 


IcGraw editor 


Thum litor, Veta 


Establishment of the working grou 
is the second step in a trial program set 
up by A.B 


mendation of its 


in response to the recon 
Industrial 
Group that information still classifed 
but potentially declassifiable and of in 


Adv sory 


terest to industry should be surveved 
and declassified. The first step was 
taken with the appointment of a tem 
porary advisory committee which met 
im September, 1949, with officials of the 
Atomic Energy Commissior 

The first task before the working 
group will be to examine the abstract 


file maintained by the A.E( Patent 


Branch 
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PROJECTS OF ARMOUR 
RESEARCH NUMBER 296 


Accomplishments in a wide variety of 
scientific fields make up an annual re- 
port issued Armour Re- 
search Foundation of Illinois Institute 
of Technology, Chicago, II! 

In the 44-page report are descrip 


recently by 


tions of 296 research projects under 
taken by 630 staff members during 
1948-49. Sponsored by industry, gov- 


ernment agencies, and the Foundation 
itself, the projects represent an invest 
ment of more than $4,000,000. This was 
an increase of 22 per cent over the prev 
ious year 

A monthly analysis of dust fall for 
the city of Chicago, sponsorship of a 
state-wide conference of industrial ex 
ecutives to discuss research, and tracing 
hundreds of chemicals for scientists the 
world over by the National Registry of 
Rare Chemicals comprised some of the 
Foundation activities 

The 
nonprofit scientific research and devel 


Foundation is a nonendowed, 
opment organization founded in 1936 to 
serve industry. Any excess of income 
over expenses ts used to finance funda 
mental research in the public interest 
and to pay for the Foundation’s contin 
ung public 
Halden A 
announced a budgeted expansion otf 15 
per cent for the 1949-50 fiscal year 


service activities Dr 


Leedy, Foundation director 


EQUILIBRIUM CHARTS 
NOW AVAILABLE 


To tacilitate appli ation of the meth 
ods tor calculating vapor-liquid equil 
bria at pressures 
Smith and Watson, Chemical Engineer 
mag Progress, 4§, 494 (1949) the 
Refining Co. has prepared a set 
of 21 Equilibrium Constant Charts for 


high presented by 
sin 
clair 
the parattin hydrocarbons. These charts 
boring 


cover the pomt range trom 
methane to 
10.000 Ib 
to 1000° F 

\ short 
k. B these 


charts appeared in the December issue 


pressures up to 


sq.in., and temperatures trom 


by K. A 


discussing 


Smith 


use of 


paper and 


Smith 
of Petroleum Processing \ reprint 
booklet is now available which includes 
a reprint of this paper together with 
41 full-page working charts comprising 
the Sinclair Equilibrium 
Charts and large scale reproductions of 


Constant 


the fugacity and activity coefficient 


charts of the original paper. Copies of 


this booklet may be ordered from 
Petroleum Processing 1213 West Third 
Street, Cleveland 13, Ohio. at a cost of 


$1.50 each, postpaid 


February, 1950 
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Using this test chamber with its Kinney On the production line, too, Kinney 
High Vacuum Pump, engineers are now Pumps are essential to many modern 
able to create controlled high-altitude products and processes. Vacuum pro- 
conditions right in the laboratory. This duction of light bulbs and electronic 
artificial “Heaven on Earth”, designed tubes, vacuum coating of mirrors, 
and built by Distillation Products, Inc., vacuum dehydration of foods and 
is a great boon to the aircraft industry. pharmaceuticals — these and many 
lt permits precise observation of what other operations rely on the depend- 
happens to equipment under the able low absolute pressures created 
extremely low absolute pressures by Kinney Pumps. For detailed infor- 
encountered miles above the earth. mation, write for Bulletin V-45. 


KINNEY MANUFACTURING COMPANY 
3546 WASHINGTON STREET, BOSTON 30, MASS. 

NEW YORK + CHICAGO + CLEVELAND + HOUSTON + NEW ORLEANS 
PHILADELPHIA LOS ANGELES SAN FRANCISCO SEATTLE 


FOREIGN REPRESENTATIVES 
GENERAL ENGINEERING CO. (RADCLIFFE) LTD. Station Works, Bury Rood, Redcliffe, Lancashire, England 
HORROCKS, ROXBURGH PTY., Melbourne, C. |. Australi 
W. S. THOMAS & TAYLOR PTY., LTD., Johannesburg, Union of South Africa 
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NOVELECTRIC, LTD. ..... « Zurich, Switzerland i 
Available in sight Single Stoge 
capacities from 13 to 702 cv. ft. 
Moking old to 0.5 micron abs. 
KINNEY HIGH VACUUM PUMPS 
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— the first time since its organiza 
tion, Engineers Joint Council has ts 
sued an annual report. It was 
flee of the 1949 


the 


comprled 
secretary tor 
reviewed by Council Lom 
mittee of 
the record by 1 
at tt» 


Secretaries and received tor 


Council 


ngince;rs 


lan. 20 


meeting An extract 


follows 


bong inecrs 


Jowt Council is an evolution 
irom the one-tuome Jomt Conference Com 
mittee The latter, established in October 
194], to promote cooperation among the 
four Founder Societies, was composed of 
the Presidents and the Secretaries of the 
Sor betes In 1942, the American Institute 


of Chemical became the filth 


As the scope of 


I nginecrs 
participating organization 


activity expanded, stumulated by the urgent 
feed tor a united tromt of the profession 
during the years of World War II, the 


*Conterence 


concluded that its function 


as of greater significance than the nam 
mpled and, in September, 1945, 
mt Council came into being. Thus, al 
Council had ite beginning m 1941 
has just rounded out its tourth 
its present wentity. They 
ears of mereasing! worous and con 


tructive activity At the years 
mal membersiup of the five 
was 111,000 


ermal the 


of 


\ major internal step in the development 
i during Whe past 
ratification by the 
hom 


vear has beet 


governing bees of the 
of a tormal constitu 


replace the previous rather informal 


yw-laws. Under its terms, Council now is 
mposed of the two most available recent 
presidents and the secretary f each 


the five principal national engineering 


ocieties. Previously, the current Presi 
emt of the Societies had served with on 
‘ President, with the result that thee 
‘residents carried an unduly heay load 
ring their first vear on Council The new 
rrangement is a definite mmprovement 


The offeers 


amd 
ounce: tor 


members «of 
1949 were 


bnogineers 
is below 


Vresident.-R. E. Dougherty 
sec retary W. Carey 
Vice-President Seott Turner 
Treasurer—-E. L. Chandler 


lmertoar cwty 


R. EF. Dougherty, Past. President 


Hastings, Past- President 


ENGINEERS JOINT COUNCIL REPORTS 


W.N 


Executive 
Alternate 


Carey 
Proctor 


>ecretary 


imerican Institute of Mining & Metal 


lurgical Enguneers 


H. G. Moulton, Past-President 

Scott Turner, Past-President 

I H. Robie, Secretary 

|. L. Head, Alternate 

The American Society of Mechanical 
E-ngineers 

FE. G. Bailey, Past-President 

W. O'Brien, Past-President 

(. Davies, Secretary 


Rk. M. Gates, Alternate 


imerican Institute of Electrical Engineers 


FE. Housley, Past-President 
B. Hull, Past-President 

H. H. Henline, Secretary 

J. F. Fairman, Alternate 
lmerican Engineers 


S. D. Kirkpatrick, Past-President 


Institute of Chemical 


L.. W. Bass, Past-President 

Ss. 1 Tyler, Secretary 

B. Reyes, Alternate 

In former years, meetings were held at 
irregular intervals, depending upon the 
amount and importance of work contront 
ine Council Because of the volume i 
matters requirmg attention, and better t 


systematize procedure, it became 


that a 


ingly evident regular schedule tor 


meetings should be established (Conse 
quently, the third Fridays of odd months 
now are official dates for EJC meetings 


Meetings customarily are 
neermg Societies 


held in the Eng 
Building in New York 


The Constitution (Article Ll, Section 2) 


states that the objectives of the Counc 
shall be 
a. To advance the general weliar: 
mankind through the available re 
sources and creative ability t the 
engineering proiessin 


To promote 


cooperation among tl 
us branches of the engmecrine 
profession 


‘ lo deve 


» sound public 


amd international at 


policies re 
specting national 


fairs, wherem the engmeering pro 
fession can be helpful throve t 
services of the members of the eng 
neering profession 

Upon that foundation, Engineers Jomt 


ouncil, m its role as the cooperative, i 


Constitution and By-Laws 

(seneral Survey 

Increased Unity m the Engineerme 
‘rotessi 

Labor Legislatwn 

Scrence Legislatwr 

bogimeers ating M ‘ 
earcl 

bong m tl 
Consultative Status wit the Unit 


E. J. COMMITTEES 


Sclective Service 
Federal Income Tax 
National Water Policy 
Resource 

Nation bongineers 
International Relations 
UNESCO 
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erating agency for the national 
representing the five basic branches of the 
profession, has been active in a wide variety 
of matters of national and internationa’ 
Criteria for determining participa 
any such matter are: (1) that it 
shall be of wide interest to the profession, 
and (2) that it shall be a matter having a 
direct impact on the profession or one re 
garding which it is believed that action by 
the profession can contribute to the public 
miterest 

For years, EJC has been devoting study 
to stimulation of greater solidarity of the 
engineering profession. One of the most 
significant steps taken during 1949 was the 
calling of a conference, under the general 
auspices of Council's Committee on Unity 
of the Engineering Profession, for the pur 
pose of developing specific recommenda 
tions as to measures for achieving further 
unity. Sixteen of the principal national 
engmecring Societies were invited to par 
ticipate At the meeting, Oct. 20, 1949 
tourteen Societies were represented, dele- 
gates of the other two being unavoidably 


societics 


ope 
thon 


absent. As the result of general discussion, 
a committee was appointed to study the 
relative advantages of several suggested 


courses of action and to report back to the 


conterence at a meeting to b held carly 
m 1950 

The small expense incurred mn connection 
with the work of EJC is significant. Each 
year a budget is established and the neces 
sary funds are prorated among the con 
stituent societies in proportion to dues col 
lections by each for the preceding fiscal 
While expenditures may vary within 
rather wide limits, depending on the char 
acter of protects undertaken, it is interest 
ing to note that for 1948 and 1949, the total 
each 


vear 


year was $3900, in round numbers 

Disbursements for 1949 were broken 
down as tollows 

(General operating expense and 

secretarial service $2,498 2s 
(C.eneral survey commuttec 697 23 
Committee on collective bar 

gang 250.00 
Labor legislation panel 376.49 
Science legislation panel 73.52 


Committee on international 


relations 33.88 
Total $5,929.40 
That so much can be done with so litth 
fmancial outlay, ts a tribute to the large 
number of men who have contributed 


carrying out the 
\ review ot the 


wdicate the 


their tueme and abilities m 


programs of 


Cour 


ot personnel w 


number 


caliber of men who are devoting themselves 
imselfishly to the objectives of the Council 
ami thus renderimmg service to their profes 
sion, to their country, and to the work 
Ihe full extent of that service cannot b 


appreciated except by those 
ontact with the 


who have beet 


closely m work 


\ copy of the complete report may be 
had om request trom the 


the 
Secretary of EJC for 


secretary of 


ny one ot hive Socteties, oT 


trom the 1950 


FE. H. Robie. c/o American Institute of 
Mining & Metallurgical Engineers 
(AIMI 33 West 39h Street, New 


York 18, New York 


February, 1950 
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How to obtain a 


Virlually COMPLETE 
recovery of Solids... 


Substantial savings that help build profits i 
result from the virtually complete recovery F pave . 
of solids obtainable with BUFLOVAK 4 ’ 
Evaporators. Operating records have shown | 
a recovery of solids as high as 99.9.-°). 


With BUFLOVAK Evaporators, a high 
recovery of solids is always obtainable with . 
all materials, ranging from corrosive crystal 7 ’ / 
forming liquids to delicate heat-sensitive . 
food products. The prevention of entrain 
ment also contributes largely to the out- 
standing performance of BUFLOVAK Mul. 
tiple Effect Evaporators, by avoiding the 
coating on the outside of the tubes in the 
final effects. 


Buflovak Evaporators provide efhcient 
evaporation, high capacity, plus the maxi 
mum recovery of solids. These result from 
scientific design and advanced method em 
ploved in their construction 


So, if you have a processing job to do, we 
invite you to write today for details and full 
descripuon of Buflovak’s long line of 
Chemical Processing Equipment 


Vere S Your 


First Clue! 


BUFLOVAK EQUIPMENT DIVISION OF BLAW-KNOX CO, 
7 


1645 FILLMORE AVE., BUFFALO 11, N. Y. 
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Present Status of Chemicals 
from Petroleum 


The Petroleum Chemicals 
Richard Frank Goldstein; E. & F. N. 
Spon, Ltd, 57 Haymarket, SW 1, 
Lendon. To be published in the 
United States by John Wiley & Son, 
New York 16, N. Y. 
Reviewed by T. QO 

Department, Stanolind 

Company, Tulsa, Okla 


Eliot, 
Ou 


Research 
and Gas 


R. GOLDSTEIN has attempted, in 
this monograph, to give a reason 

ably complete status of the art of man- 
tacturing chemicals from petroleum, 
with special emphasis on the develop- 
ments during the last ten years. The 
bulk of the manuscript was written in 
1946, aml additions have been made to 
bring the subject matter up to date by 
the end of 1947. 

While the main objective of the mon- 
ograph has been to survey the fields of 
industrial organic chemistry in which 
hydrocarbons are the preferred starting 
material, consideration is given also to 


processes using competitive raw mate- 


rials (e.g., ethyl aleohol by fermenta 
tion). Since commercial practice has 
led chiefly to aliphatics, emphasis is 


placed on this division of organic chem 
istry one chapter is devoted 
to the manutacture of aromatics 

Phe 


devoted to sources of petroleum hydro 


llowever 


volume comprises 20 chapters 


carbons, industrially important reactions 


such as oxidation, chlorination, nitra 
tion, ete, as applied to both paraffins 
aod olefins, and the manufacture and 


reactions of naphthenes and aromatics 


Chemical classes including aldehydes, 


ketones, acids and anhydrides, olefins 
oxides, nitriles and amines are discussed 
in separate chapters. A brief review of 
synthesis and reactions of CO—H, mix- 
tures is included with primary emphasis 
on the German art. Appendices on 
routes to petroleum chemicals and sta- 
tistics of production and consumption 
are included, as well as a number of 
flow charts covering principal reactions 
of particular materials such as acetone, 
ethylene oxide, ete 

Dr. Goldstein has attempted a major 
task, with some degree of success. The 
considering the 
The small 
patents ts 


text is well organized 
complexity of the 
number of reterences and 


subject 
dis 
appointing, especially since many of the 


MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


latter are British. In fact, it is some- 
what surprising to find a British mono- 
graph on this subject, for the art of 
manufacturing chemicals from petrol- 
eum was developed largely in the United 
States. It is probably this situation 
which has resulted in a book which is 
largely a review of the German and 
U. S. literature during 1935-47. In many 
cases, a more accurate picture of an in- 
dividual development may be obtained 
from a survey of “Chemical Abstracts.” 
The scope of the subject matter pre 
cludes a detailed discussion of any sub- 
ject, and, in general, the text indicates a 
benign acceptance of everything in the 
no attempt is made to sift, 
criticize or straighten out the facts. The 
volume should be useful, however, as an 
auxiliary reference to Carlton Ellis’s 
“Chemistry of Petroleum Derivatives.” 


Clay and Its Applications 


Kaolin Clays and Their Industrial Uses. 
J. M. Huber Corp., New York (1949). 
141 pp. 

Reviewed by John B. Calkin, Direc 
tor, Department of Industrial Coopfera- 
tion, University of Maine, Orono, Me 


literature 


HE opening words of this book 
stating that “this book is an exam 
ple of the widespread yet integrated na 
ture of the Huber key 
notes this work from “The Huber La 
boratories in and New 
York rhe book is distributed free 
The book is divided 
covering (1) definitions 
composition and production of clay; and 
uses of rubber (3) paper 
(4) adhesives (5) insecticides and (6) 


Operations,’ 


Texas, Georgia 


mto six parts 


occurrence 


clay in (2) 


ceramics. Greatest emphasis is placed 


on rubber and paper with further in 


formation on the other uses to follow 
in another volume. Forty-five (45) 
literature references are cited with 


some errors occurring in these such as 
TAPPI Method T 459 m-42 (indicates 
1942 tentative) which 
1945 and again in 1948 

The work gives a good start in dis- 
cussing the subject, particularly with 
reference to Huber products. “While 
the analyses and charts included in these 
pages refer to Huber Clays and_ the 
photographs illustrate productior 
at Huber plants, this book is neverthe 
less intended as an authoritative text on 
the ipph 
cations.” 


was revised in 


clay 


broad subject of clay and its 
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The brief review of the manufacture 
of paper in Chapter 10 leaves some 
thing to be desired. However, this can 
probably be overlooked because of its 
brevity, but there are some inaccuracies 

The testing methods and use of clays 
in paper as a filler and as a coating and 
in various rubbers are covered. It seems 
as though more information on the use 
of dispersing agents in clays for the 
paper industry could have been given. 

A good section on compounding and 
evaluation of rubber goods is included 
It is regrettable that it is not empha- 
sized that the extensive comparative 
data presented are based presumably on 
laboratory results. While these data will 
indicate trends, they may not be repre- 
sentative of mill conditions and results, 
particularly in cases where dispersion 
may be difficult 

Plates and cuts require a coated pa 
per, highly calendered; for good repro 
duction and this has been accomplished, 
but at some sacrifice on reading comfort 
from the glare of the pages. The text 
might have been set on a coated paper 
with mat finish, thus making for easier 
reading 


Valuable Reference Book 


Directory of Biological Laboratories. 
“th edition. Burns Compiling & Re- 
search Organization, 200 Railway 
Exchange Building, Chicago 4, II. 
(1949) 140 pp. $3.00. 


HIS is an alphabetical listing (ac 

cording to states) of laboratories ot 
the United States concerned with bio 
logical or biochemical investigations. It 
includes research laboratories, consult 
ing those related to 
manufacturing processes. Personnel and 
professional data are given. A special 
the Equipment Annual & 
Materials Index with a Buyers’ Guide 
Section including list of manufacturers 
and distributors of apparatus, materials, 
supplies, equipment, and instruments 
Included in the District of Columbia is 
a general reference to United States 
Government Departments. This book is 
valuable for professional reference and 
for the technical library. The only ad 
the work is in the 
setup where a laboratory listing, such as 
the 
prising 
planatory 


laboratories, and 


section 15 


verse criticism of 
Argonne National Laboratory, com 


30) lines descr ptive and 


n one parggaph 


read 


ex 


ec dimeuit t 


and ou 


tvp 


February, 1950 


Pe 
cake. 
hed 
( 


insulating fire brick 
is fortified with 
ALCOA Alumina 


The new Johns- Manville ““\JM-3000" is 
a high temperature insulating fire brick. 
Fortified with pure ALCOA Alumina, it 
withstands a full 3000° F. in either back- 
up or exposed service. It provides new 
operating economy for forge furnaces 
... ceramic kilns . . . chemical process 
furnaces... and other equipment oper- 
ating at temperatures above the limits 
of any previous insulating fire brick. 


ALCOA Alumina adds stability to refrac- 
tory brick at high temperatures . . . increases 
load-bearing strengths . . . intensifies resist- 
ance to chemical attack. It provides for 
longer refractor. life and less costly down- 
time. Moreover, these performance qualities 
increase in almost direct ratio to the alumina 
content of each refractory! 

When a refractory manufacturer adds 
ALCOA Alumina to his mix, he improves the 
quality of his product, and strengthens the 
confidence of his buyers. That's why you'll 
find more and more leading manuiacturers 
using ALCOA Alumina. 

We'll gladly discuss with you the proper- 
ties and characteristics of the various grades 
of ALCOA Alumina as they apply to your 
product. Write to ALuminuM Company oF 
America, Cuemicats Division, 6058 Gulf 
Building, Pittsburgh 19, Pennsvivania. 


oMeoa Chemical 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMIMAS CALCINED ALUMINAS - HYDRATED 
ALUMIMAS + TABULAR ALUMINAS - LOW SODA ALUMINAS 
ALUMINUM FLUORIDE - FLUORIDE SODIUM 
FLUORIDE FLUOBORIC ACID CRY@LITE GALLIVM 
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6 at the Offices of the Institute and 


Executive Committee met Jan 


after handling routine matters approved 


the election to membership of those 


whose names appear be low. Several ad 


ditional appointments were made to 
committees of the Institute 

The Council of the Institute met at 
the Hotel Commodore, New York, Jan 


6. Several matters were discussed but 
no final actions taken, therefore no re 
port is made at this time. The question 
of the 1950 Year Book was discussed at 
some length and it was voted that a card 
be sent to all members with the Houston 
Meeting Program in an attempt to bring 
the Year Book information up to date 
All members are urged to return these 
cards promptly 

Approval was voted for the establish 
ment of the Columbia Valley Section of 
the Institute which would have its head- 
quarters at Richland, Wash 

Request tor approval of the 
Project had been received from ¢ 


Book 
ARI 
und it was voted that the Institute go 
on record as urging members to assist 
in this work to as great an extent as 
possible 

The Secretary reported on the organi- 
zation of a Chemical Industry Correlat- 
img Committee by the American Stand- 


irds Association and our representative 


ACTIVE MEMBERS 


A. J. Abbott 

‘T Anderson 

Herbert A. Bahrenburg, Jr. 
George Bankoff 
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Lawr- 
ence and as alternate Wendell G. Fogg. 


on this Committee will be J. C 


C.A.R.E. BOOK PROGRAM 


The Institute has been re- 
quested to cooperate with 
UNESCO and CARE in provid- 
ing technical books so seriously 
needed in the devasted and under- 
developed countries. The countries 
now served are Austria, Belgium, 
Czechoslovakia, Finland, France, 
Germany, Great Britain, the west- 
ern zones of Germany. Korea, 
Japan, the Netherlands, Norway 
and the Philippines. 

Cash donations are requested 
(do not send books). 

Contributions of under $10.00 
are pooled in a general fund. 
Donors of $10.00 or more can 
specify the book category, the 
country, specific institutions or 
type of institution which they 
wish helped. 

Council has approved this ac- 
tivity, and it is hereby called to 
your attention. Contributions 
should be sent to CARE Book 
Program, 20 Broad Street, New 
York 5, N. Y. 


D. B. Becker 
Lawrence C. Burman 
E. G. Grab, Jr. 


NEW A.I.Ch.E. MEMBERS ELECTED JANUARY 11, 1950 


ASSOCIATE MEMBERS Jerome C. Farber 
William H. Farrow, Jr. 


Paul Vincent Folchi 

O. Francis 
rederick Fussman 
William Y. Garth 


en 
lexis Basilevsky dward K. Lofberg Kirpal Singh Gill 
orman H. Blumberg S. R. Seshan Vasantlal P. Gohel 


larry Blumenfeld 
tanford W. Briggs 
herwin Chase 


L. Christian N. Arthur Adamson 
ichard |. Cope Duane W. Allen 
Hal M. Hart George E. Bailie 
Walter S. Kaghan Ivan J. Balinth 
W. A. Moggio Dee H. Barker 
Robert W oorhouse Albert M. Bottoms 
H. K. Nason Robert D. Bower 


Robert E. Noble 
Walter W. Northgraves 
A. 8. Parker 

Edwin K. Plant 
Vernon C. Quarles 
Charles H. Riesz 

R. C. Rohrdanz 
Edward G. Scheibel 
Martin D. Schlesinger 
Willard F. Sheldon 
C. Frederick Tears, Jr 
Walter G. Thomas 

O. E. Toelle 

Warren M. Trigg 
John E. Walkey 
Arthur P. Weber 
Otto J. Wolff 


lames M 
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JUNIOR MEMBERS 


C. H. Bradley 

H. P. Brueschke 
Howard L. Burkhardt 
Armando Cervi, Jr. 
Paul N. Cheremisinoff 
David Cohen 

Cullen McC. Cooper 
Max W. Corzilius 
Patrick |. DeCillis 
Marshall Dick 
William S. Diehl 
Dotson 
Edward J. Dowd 
Lloyd W. Dussell 
F. Easley 
Bruce A. Eckerson 
Charles E. Eisenmann 
Robert C. Ernst, Jr 
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Ward J. Gorney 
Traynum D. Goulding 
Charles E. Guthrie 
Anthony T. Guzzo 
Thomas Hale Harris 
Richard C. Harshman 
Donald M. Hess 
William J. Holloway 
Lynn S. Holmes, Jr. 
Louis S. Hovis 
Theodore M. Jenney 
Donald J. Kaufman 
Harold B 
Tohn W. Kenney 
Donald W. Kershner 
Walter M. Kofford 
George A. Kruder 
John G. Lipps, Jr. 
David B. Lull 

Robert W. Maeser, Jr. 
Harold E. Marsh, Jr. 
Eugene McNally 
loseph H. Messmer 
Richard H. Meyer, Jr 
R. V. Mullikin 

©. P. Narula 

Earl C. Nelson 
Thomas D. Nevens 


Kaufman, Jr. 


HE 
Dee 
Pittsburgh 


Council of the Institute met 
4 at the Hotel William Penn, 
Pa 
ness was to review the proposed amend 
ments as they had been submitted to the 
membership for discussion at the Busi 
Dec. 5 An 
Retirement Plan was approved as pre- 


The first item of busi 


ness meeting Employees 
sented 

The Council approved the authoriza 
tion of the Twin Cities Section of the 
Institute with headquarters at 
apolis and St. Paul 
Edgar L. Piret 

Upon recommendation of D. L. Katz, 
Chairman of the Student Chapters Com 
mittee, the Council voted to approve a 
student chapter at Lehigh University 
Dr. D. E. Mack is the counselor of this 
student chapter 


Minne- 
The Chairman is 


Recommendations regarding commit 
tee personnel from the ap- 
the November ot 
Council were presented and personnel 
approved and it was directed that they 
he notified 

The budgets 
and Chemical 


Chairmen 


pointed at meeting 


Institute 


Progress 


both the 


lor 


which had been presented at the Novem 
ber of 
discussed and approved 


meeting Council were turther 


(Continued on page 21) 


B. H. Nicolaisen 
Leonard G. Nussbaum 
Charles M. Oualline, Jr. 
Chandrakant Keshavial Parikh 
William A. Parks 
Robert Anton Pearce 
Irwin Pontell 

Richard A. Rammer 

A. Ranganathan 

Cc. V. S. Ratnam 

S. R. S. Sastry 

Fred W. Schmitz 
Eugene A. Schwoeppe 
Joseph C. Seemiller 
William A. Selke 
Robert P. Selm 

Robert J. Serazin 
William S. Shaw 
Donald J. Simkin 

R. J. Sollenberger 

Roy A. Strandberg 

N. K. Talbert 
Maheshkumar S. Thakar 
Raymond B. Thrower 
Henry S. Trail 

Frank G. Turpin, Jr. 
C. Venkatesan 

Robert E. Wagner 
Robert Henry Waixel 
Robert Gibson Warrick 
Leonard Wender 
Leonard A. Wenzel 
Noble D. Whitaker 
Albert H. Wiesner 
Daniel H. Wingerd 

C. J. Youngblood, Jr. 


February, 1950 
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‘A 
4 
Ae 
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(Continued from page 20) 


The Council meeting was recessed 
subject to call of the chairman 

There was a reconvened meeting of 
Council Dec. 6 and certain modifications 
were made in the proposed amendments 
which were submitted to a subsequent 
Business meeting 

Upon recommendation of P. D. V. 
Manning, Chairman of the Professional 
Guidance Committee, it was voted that 
copies of “The Second Mile,” a publica 
tion of the Engineers’ Council for Pro 
fessional Development, should be sent 


to all newly elected Junior members 


This is a guidance pamphlet prepared 
by the late W. E. Wickenden and is of 
particular value to the recent graduate 


The Executive Committee met Dec 
13 in the headquarters office of the 
Institute Bills for the month of 
November were approved and the 


Treasurer's report for that month re- 


ceived New members elected as of 


Jan. 3 appeared on secretary's page, 


January tissue, p 30. Two elections to 


membership were rescinded because of 


nonacceptance. The following student 


chapter counselors were appointed as 
indicated 


M. L. Jackson at the University of 
Colorado to replace W. W. Wolf. 
D. A. Dahlstrom at Northwestern 


University to replace G. Thodos 


There were a few additional commit THE HEAT TRANSFER MEDIUM 
tee personnel appointments which were 
confirmed FOR HIGH TEMPERATURES 


The appointment of G. G. Brown as 
the Institute representative at the cele ° 
bration of the Founding of the Wall for safety of operation 
berg Memorial Building of the Univer- 
sity of Toronto was approved 


Resignations of 49 members were re 


Yes, in addition to its economy, simplicity, and efficiency, Dowtherm is safer! 7 


ceived and accepted Dowtherm permits the use of a system in which the fire is removed from any \ 
c flammable material in process. High-temperature operations, formerly pos- | 
Treasurer's Report sible only under dangerous and costly conditions, are now accurately and 


The financial position of the Institute as safely controlled by this indirect system. Dowtherm presents little hazard 


to cash and bonds as of Oct. 31, 1949, and in handling, in shipping and storage. 


compared with the same date the previous P 
year is as follows Today, Dowtherm users, whether they be paint manufacturers or food proc- 


essors—or engaged in any other high-temperature operation — enjoy a 


; , ; security unknown in earlier systems. If your operations require precise heat- 
" en - $51,357.68 $33,325.50 ing in the 300°-700°F. range, write to bow for complete information about 
Negotiable bonds, Dowtherm. 
face value .. 25,000.00 25,000.00 
1S. Savings THE DOW CHEMICAL COMPANY « MIDLAND, MICHIGAN 
Bonds, at cost.. 30,440.00 34,190.00 New York Philedsighie W Ad 


Cleveland « Detroit « Chicago «+ St. Louis + Houston 
San Francisco « Loe Angeles « Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 


Total cash and 


bonds $106,797.68 


Market value of 
negotiable bonds $25,862.50 $25,168.76 


Dow 
CHEMICALS 


TO 
ane 


On Feb. 1 of this vear, $5,000 principal 
amount U. S. Savings Bonds, Series D 
owned by the Institute matured. These cost 
us $3,750 and the difference of $1,250 repre 
sents accrued interest. There were no other 
changes during the year in the investments 
of the Institute 


C. R. DeLong, Treasurer 
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$92,515.50 
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Only the new 


metering i proportioning pump 


Tue NEW Hills-McCanna “K" Type Pump offers a 
whole new conception of metering and proportioning. A 
simple straight-line enclosed hydraulic drive submerged 
in an oil bath replaces the complex mechanical linkages 
found in most pumps. Built-in overload relief makes it 
impossible to damage motor or mechanism by inadvertant 
overloading. Horizontal cylinders with twin checks reduce 
danger of air binding and can be easily disassembled for 
cleaning without dismantling piping. Stroke may be 
adjusted quickly and easily, from zero to full capacity, even 
while the pump is operating. Just compare and you'll see 
why “K" pumps are more dependable and require prac- 
tically no maintenance 


Hills-McCanna “K" Type Pumps have capacities to 300 
gph per feed and pressure ratings up to 25,000 psi. Write 
for full details. HILLS-McCANNA CO,, 24384. Nelson 
Street. Chicago 18, Illinois 


HILLS-MCCANNA 


metering and proportioning 
pumps 


Saunders Patent Diaphragm Valves 
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HILLS-MSCANNA 


INST. GAS TECH. 
OFFERS FELLOWSHIPS 


The Institute of Gas Technology, as a 
part of its educational program, is offer- 
ing 16 two-year fellowships effective 
September, 1950, to qualified college 
seniors and graduates. The purpose is 
to prepare a selected group for careers 
in the gas industry through graduate 
study, field training and research lead- 
ing to the degree of Master of Gas 
Technology. Students in the upper fifth 
of their classes in chemistry, chemical 
or mechanical engineering or related 
fields may apply. Additional qualifica- 
tions include United States citizenship, 
age under 28, adaptability, cooperation 
and high moral character. Fellows will 
be paid a cost-of-living stipend, cur- 
rently $125 in each of the ten months 
of the academic year m addition to the 
remittance of tuition and fees amount 
ing to approximately $550 per year 

The fellowships provide for the two 
years of study, including one summer 
training period and a thesis, which are 
required for the Master of Gas Tech 
nology degree 

Application forms and further infor- 
mation may be obtained from the stud- 
ent’s departmental chairman or from the 
Director, Institute of Gas Technology, 
3300 South Federal Street, Chicago 6, 
Il 


I.U.T.A.M. ADMITS 
U. S. COMMITTEE 


The UL. S. National Committee on 
Theoretical and Applied Mechanics, re 
cently organized by seven national 
scientific and engineering societies, has 
been admitted by unanimous consent as 
an adhering body to the International 
Union of Theoretical and Applied Me- 
chanics. This information was con- 
tained in a communication from Dr. J 
M. Burgers, secretary of the Union with 
headquarters in Delft, Holland. 

The U. S. Committee grew out of 
American participation in the Seventh 
International Congress on Theoretical 
ind Applied Mechanics held in London, 
April, 1948. The need for some coordi 
nation of widespread activity in the 
field of mechanics in the U. S. prompted 
the applied mechanics division of the 
ASME to suggest a permanent orgam 
zation of various national bodies t 
sponsor the UL. S. for participation im 
international congresses and syinposia, 

Future plans call for American repre 
sentation at a collegimm on geophysics 


in 1950, and at a meeting of the 


IUTAM in Rome 


February, 1950 
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U. S. RUBBER BUYS 
GLENN MARTIN CHEM. DIV. 


United States Rubber Co. has pur- 
chased the chemicals division of The 
Glenn L. Martin Co., according to a 
joint announcement made late in Decem- 
ber by the two companies. The rub- 
ber company will acquire all assets of 
the division, including the Marvinol 
vinyl resin plant at Painesville, Ohio, 
laboratory equipment in Baltimore, pat- 
ents and the trade name Marvinol. The 
purchase price was not announced. 

The business will become a part of the 
Naugatuck chemicals division of the 
rubber company. The Painesville plant 
will continue to make Marvinol vinyl 
resin for sale to manufacturers of plas 
tic products 

Through the sale of its chemical divi 
sion, the Martin Co. completes its pro- 
gram of concentration in the aviation 
field, by divesting itself of all interests 
not directly concerned with the manu 
facture of airframes, special weapons 
and closely related products 

United States Rubber Co. said the 
purchase is part of a long-range pro 
gram to expand its activities in the 
chemical field 

The plant at Painesville, built in 1947, 
currently employs about 200 persons. 
It is close to raw material sources and 
has good transportation facilities 


U. S. TESTING, ESSELEN 
RESEARCH MERGE 


The merger of the United States 
Testing Co., Inc., Hoboken, and the 
Esselen Research Corp., Boston, was 
announced late in December, 1949. Un- 
der the plan the Esselen Research Corp. 
will become the Esselen research divi 
sion of the United States Testing Co., 
Inc., and will continue its operations in 
Boston under the direction of Dr. Es- 
selen, who founded the corporation. 
The merger will make available to in- 
dustry a combination of research per- 
sonnel, facilities, and experience. 

Dr. Esselen is known as an authority 
on cellulose chemistry and his associates 
in the laboratory comprise a group with 
wide experience in many fields of indus 
trial chemistry and chemical engineer 
ing. Their services include new product 
development, technical advice on legal 
matters and economic surveys. 

The United States Testing Co., Inc., 
is one of the oldest and largest scientific 
testing organizations in the country 
Among the fields it serves are the fol- 
lowing: textiles, metals, ores, plastics, 
minerals, fuels, chemicals, etc. In 
addition it operates an engineering 
laboratory which offers a research and 
testing service in such fields as acous- 
tics, X-ray, air-conditioning. 
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“PUBLISRED BY TRE COOPER ALLOY FOUNDRY CO., HILLSIDE, 


FORTY TONS OF WATER 
FOR EVERY TON OF COAL 


PUMPING CONDITIONS IN ANTHRACITE MINING 
DEMAND THE BEST IN MATERIALS AND EQUIPMENT 


F., every ton of anthacite coal 
mined, almost forty tons of water 
have to be removed. Since annval 
production approximates 45,000,- 
000 tons of coal, the magnitude of 
the pumping problems connected 
with the removal of water by the 
billions of tons is staggering. 


According to engineers at Borrett-Haentiens and Co., 
Hazleton, Pa., leading designers and manufacturers of 
centrifugal pumps, pumping conditions encountered in 
anthracite mining present a constant challenge to mine 
operators and equipment designers; for not only must the 
eq t be designed to resist corrosion, as in mine drain- 
age ‘work, but it must also be able to withstand the abrasion 
encountered in coal preparation. 


Mine drainage pumping involves continuous operation in 
solutions where the pH ranges as low as 2.7-2.9. The volume 
handied ranges as high as 10,000 g.p.m. under pumping 
heads from 200 to 1200 feet. Corrosion means costly shut- 
down ... and in times of ““highwater,"’ as may occur during 
a rainy spell, such a shut-down may be disastrous. 


To eliminate this danger, engineers at Barrett-Haentiens 
recommend the use of Cooper Alloy 19A, a stainless steel 
alloy containing 28% Cr. and 3% Ni. Laboratory and field 
tests have demonstrated the excellent service to be obtained 
from the use of this alloy, and mine owners are becoming 
convinced that the higher initial cost is far outweighed by the 
long range economies effected. 


The most severe pumping conditions, however, occur when 
this acidulous mine water is used in the coal cleaning or 
preparation process. In addition to the acid, pumps must 
handle coal, slate, rock and dirt, and in some sys'ems, sand. 
Specially built Hazleton type “CB” solids handling pumps 
provide satisfactory service in this application, thanks to the 
excellence of the design and the wise use of Cooper Alloy 
19A for impellers and wearing rings. Frequently, the entire 
pump, including the huge casing is cast in this corrosion and 
abrasion resistant alloy to assure guaranteed service. 


AVAILABLE UPON REQUEST technical data chart giving 
Comparative Resistance of cast Stainless, Nickel, and 
Monel in a wide variety of corrosive media, 


The COOPER ALLOY Foundry Co......leading producer 
of Stainless Steel VALVES « FITTINGS + CASTINGS 
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1 @ NEW HYDRAPULPER. The Cowles 
Co. has in production a new side 
drive pulper for the paper trade. 
Based on studies of pulping and de- 
fibering, the company designed a 
fast running side impeller circular 
pulper. The impeller is partially 
shrouded by a member resembling 
the volute of a centrifugal pump. 
This collects and directs the dis- 
charge from the impeller in one gen- 
eral direction. Impellers run from 
200 to 500 rev./min. A 75-hp. pulper 
will pulp a ton batch in 10 minutes. 
Other features of the 
are fast dumping provided 
y a steeply sloping bottom, a..d a 
good submergence of the stock pro- 
vided by an opening at the top of 
the shroud. 


2 UQUIDLEVEL INDICATOR. The 
Asch Equipment Co. has introdrced 
the Levlocator, an instrument for 
measuring the liquid-level content in 
a tank or storage vessel. Operates by 
means of an electrical or electronic 
finder, which operates a direct-read- 
ing indicator showing the amount 
of liquid above the preselected data 

int. According to the company it 
is accurate to 1/100 in. 


3 @ SYNTHESIZING UNIT. A packaged 
direct-fired synthesizing unit consist- 
ing of 1000-gal. agitated kettle, a 
2000-gal. jacketed agitated cooling 
and thinning tank, plus automatic 
recording oil burners and a reflux 
condenser, is a new engineer unit 
of the Patterson Foundry & Machine 
Co. It is designed especially for oil- 
bodying, synthetic resin manufactur- 
ers, and other polymerizing, refining 
and chemical processing operations. 


4 @ NEW CENTRIFUGE. A new line of 
centrifuges giving external control 
of solids discharge and solids con- 
sistency, is announced by the 
Sharples Corp. The new line fea- 
tures 10 externally controlled solids 
discharge valves located radially 


Mail card for more data p 


around the inside of the bowl. ‘They 
are operated by water admission 
through separate channels. Can be 
used as a separator or clarifier; a 
bulletin is available. 


5 @ PRESSURE EXPANSION JOINTS. 
For high pressure industrial piping, 
Chic Metal Hose Corp. jm de- 
signed a new group of expansion 
joints for use up to 1000 Ib./sq. in. 
Trade-marked Flexoniflex, the joints 
consist of corrugated bellows-type 
sections of stainless steel or other 
alloys, formed with integral control 
rings and end sections. Sizes begin 
at % in. LD. up through the range 
of extra high pressure pipe sizes. 
Temperature range from subzero to 
1400° F. for stainless steel, and units 
for higher pressures are available. 
Units for absorbing radial and offset 
motion, as well as axial motion, are 
company developments also. 


6 @ HEAVY DUTY VALVES. For pipe- 
lines and equipment handling paper 
pulp, thick or heavy chemicals, slur- 
ries, sludges, etc., the W. 5. Rockwell 
Co, features new valves that may be 
cleaned of accumulated solids 
quickly and without removing them 
from the pipeline. Available for line 
pressures up to 100 Ib./sq. in. The 
sediment is removed by swingin 

out of place a covered plate an 

dropping out the accumulation in 
the sediment chamber. High pres- 
sure air, steam or water connected 


to the bonnet would clean out the 
entire valve. Cast iron and bronze 
bodies, plus steel and stainless steel 
blades, are in production and lever 
handle controls and rising stem con- 
trols are standard. 


7 @ FLOW METERS. Direct reading 
flow meters for measuring gas flow 
and available in several of 
mountings, are announced by Hoke 
Inc. New “bantam”-type flow meters 
available for flow range 0.05 to 0.7 1. 
of oxygen/min., and another for 
10 to 100 cc. of CO,/min., are d 
scribed by the manufacturer in 
bulletin. 


8 @ MATERIALS HANDLER. A new, 
large capacity hydraulic machine fc 
dumping liquids or solids into high 
level kettles, was recently develo 

by the Lee Metal Products Co., 
The handler is portable bein 
mounted on rubber-tired casters, an 
barrels and bags may be mounte 
on the unit for lifting to the to 
of the tank. The drums or bags ar 
placed in a stainless steel trough, 
A stainless steel rod is used to 
inside a bag to keep it open and 
from slipping down when the trough 
is lifted and dumped. Trough is 
raised and lowered by means of a 
hydraulic cylinder operated from the 
city water line. Liquid mixes in 
cans or drums can be poured slowly 
into batch mixers. A bulletin de- 
scribing the unit is available. 
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9 « CRUSHER SIZER. A combination 
crusher sizer for operation on semi- 
friable material such as resins, plas 
tics, clay, etc., is now on the market 
by Gifford-Wood Co. The unit will 
handle lumps up to 10 x 10 and 
crush and grade the material to 
three sizes. Capacity is 200 Ib. of 

1 material a minute. It is 


crushec 

equipped with a bagging 

and hag spreader to handle the Real 
cru woduct. Power is provided 
by a single 144-hp. motor. 


10 @ MERCURY THERMAL SYSTEM. For 
control of temperatures above 1000° 
F. on gas-fired ovens, blanchers, etc., 
Taylor Instrument Co. has a new 
1200° F. mercury thermal system. 
Thermal element is stainless steel. 
A new type Bourden spring is used 
on the indicator, and the new in- 
strument is for use on systems be- 
ginning at 700° F. upward. 


11 @ STEAM BOILER, Eclipse Fuel En- 
gineering Co, has a new gas-fired 
horizontal tube boiler for industrial 
— The shell of the boiler is a 
wrizontal steel cylinder containing 
inside of it another steel cylinder 
which is the furnace in which the 
gas is burned. At the back of the 
furnace is an insulated chamber 
from which small, long return tubes 
conduct the furnace gases back the 
entire length of the boiler, so that 
the maximum amount of heat may 
be extracted. It is called the McKee 
Gasfired Scotch Steam Pak. The 


company describes the construction 
in a bulletin, It is built in nine dif- 
ferent sizes ranging from 12 hp. te 
100 hp. in accordance with boiler 
codes. 


12 © PULSAFEEDER CONTROL. For 
automatic control of the Pulsafeeder 

oportioning pumps made by Lapp 
nsulator Co., a new umatic sys- 
tem has been devised by the manu- 
facturers. The output from the 
Pulsafeeder pump can be adjusted 
while in operation and the new auto- 
matic control makes volume change 
from zero displacement to full dis- 
placement entirely automatic and in 
response to instrument air pressure 
change. The new control makes pos- 
sible systems in which pump output 
is made responsive to any measur- 
able variable such as flow, pH, tem- 
perature change, etc. Complete lit- 
erature available. 


14 @ ATMOSPHERIC CONTAMINATION 
CONTROL. An infrared analyzer for 
the control of small quantities of 
contaminating gases in industrial 
discharges, is a new development of 
the Mine Safety Appliances Co. 
Prade-named Lira, the unit operates 
on the principle that most gases ab 
sorb infrared light and the mixture 
to be analyzed is introduced into a 
sample tube and its infrared absorp 
tion compared with that of a stand. 
ard filter tube. Absorption is evi 
denced by pressure differential ap 
plied to a sensitive membrane and 
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the amplification of these movements 
by an electrical signal which reg- 
isters on a voltmeter. The company 
claims that low gas concentrations 
may be detected within a range of 
100 to | p.p.m. Suggested for meéas- 


uring butane and propane in natural 
gas before and after processing; for 
measuring performances of petro- 


leum industry units producing a spe- 
cific hydrocarbon; for seoneliien the 


content of process , water con- 
tent, etc., in the industrial field. 


15 e GAS MASK. A gas mask for use 
against hydrogen sulfide and petro- 
leum vapors, meeting the approval 
of the U. S. Bureau of Mines, has 
recently been developed by the Will- 
son Products, Inc. It features an 
oversized canister which provides 

otection for twice the period speci- 

1 by the U. S. Bureau of Mines. 
Specially thought of interest to all 
refineries where sour crudes evolve 
hydrogen sulfide, oe and 
other industrial app ications such as 
blast furnaces, cellulose manufac- 
ture, coke-oven workers, etc. 


16 @ UTILITY PUMP. A new utility 
pump for in corrosive 
installations for the textile, chemical, 
paper, etc., industries, is newly de- 
signed by Burgess-Parr Co. Of a 
special corrosion-resistant alloy, the 
pump has a semi-open impeller 
driven at 3600 rev./min. Designed 
primarily for laboratory and pilot 
plant uses. Will deliver 30 gal./min. 
at a 40-ft. head. 


17 @ GAS FLOWMETER. A variable- 
gas flowmeter available in capacities 
ranging from 45 to 16,000 cu. ft. of 
CO,/hr. (and comparable rates for 
other gases), is a new offering of the 
Fischer & Porter Co. The metering 
tube and float are fabricated from 
stainless steel. Extension below the 
metering tube carries a metering 
scale, and an indicator below the 
float permits direct reading of flow 
rate. Can be furnished to withstand 
pressures up to 600 Ib./sq. in. gage. 
Operating temperature is limited 
by the properties of commercially 
available packings. Additional in- 
formation available. 
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BULLETINS 


21 « DIESEL DIGEST. A well-written 
and conceived 45- illustrated 
book offered by the Sinclair Refining 
Co, gives an excellent insight into 
the Distory, economics, operation, 
etc., of the Diesel engine. In acddi- 
tion to the mechanical knowledge, 
the book contains a large section on 
fuel. One table gives the relation 
between fuel characteristics and en- 
gine performance. 


22 STEAM BOILERS. For those 
templating new steam systems, a new 
advertising brochure of the Cleaver- 
Brooks Co. will be informative. The 
units are “packaged,” and are avail- 
able in sizes from 15 to 500 horse- 

wer and pressures from 15 to 200 
b./sq. in. Well illustrated. Shows, 
in diagram, the four-pass system of 
these boilers. 


23 @ ENTRAINMENT SEPARATOR. For 
removal of entrained liquid and 
solids from gases and steam, a com- 
alete line of Swartout separators has 
= designed and described in a 
12-page bulletin. The separator uses 
a stationary helix near the inlet and 
the gases in passing are given a cen- 
trifugal motion. This whirl throws 
the unwanted heavier elements 
against the separator wall while the 
steam or gas continues through the 
line. Horizontal or vertical motels 
in many models and pipe sizes. 


24 @ TYGON TUBING. An enginecring 
catalog of the types, sizes, corrosion 
resistance, physical properties, etc., 
of a modified vinyl resin tubing man- 
ufactured by the U. S. Stoneware Co. 
The tubing is used in pilot plant, 
industrial operations, etc., where 
chemical resistance is important. 
Tables give the performance expec- 
tations of the tubing in various cor- 
rosive materials and the physical 
characteristics of the tubing after 
immersion in chemical test solutions. 
Uses are detailed and illustrated. 


25 e CONTINUOUS EVAPORATOR. 
Bowen Engineering, Inc., describes a 
new evaporator for concentrating 
substances which have high fouling 


SERVICE 


characteristics. Originally developed 
by Sperti Foods and trade-named 
Stabilizer, the unit is a welded steel 
jacket, the inner wall being a hori- 
zontal cylinder in which a rotor 
turns. The rotor shaft is driven at 
low 5s . the liquid to be evap- 
pe the rotor ond 
the steam-heated jacket. Rotor mo- 
tion causes a itive flow of liquid 
at a high surface velocity. Various 
materi of construction, for use 
where heat sensitive materials must 
be concentrated. Pharmaceuticals, 
foods, organic chemicals, etc. 


26 « CORROSION-PROOF FANS. For 
moving gases and air conditioning 
corrosive materials The Duriron Co. 
shows in a published bulletin its 
line of corrosion resisting fans. 
Made of the various Duriron alloys 
(Durimet, Durichlor) the fans are 
made in sizes from 20 to 5000 cu. ft./ 
min. Good dimension drawings of 
fans, plus capacity tables, method of 
mounting motors, etc. Applications 
are shown plus construction details, 
and alloy to use for particular cor- 
rosive condition, 


27 @ LEAK DETECTOR. An explana- 
tion of the mass spectrometer prin- 
ciple of leak detection published by 
the Consolidation Engineering Corp. 
Drawings show methods of using the 
equipment (probe and envelope) 
and then there is an extensive ex- 
planation of the performance, cir- 
cuits and parts of the spectrometer. 


28 FITTINGS. B. F. 
Goodrich issued an cight- cata- 
log section on rubberfined pipe. fit- 
tings, valves, flanges, expansion 
joints, etc. Construction is shown 
in cutaway views. 


29 @ RUBBER-LINED TANKS. Alsoa 
Goodrich catalog, this shows the 
various rubber tank linings available. 
Tabulates the chemicals that may 
safely be used in tanks lined with a 
particular rubber. Has tank dimen- 
sion table and brief mention of 
and economics of rubber lining. 


30 « EVACTORS. 


A comprehensi 


is newly printed. The catalog cc 
tains sections on the ejector vs t 
mechanical pump, methods of sele 
ing the right size of ejector, descri 
tions of the various sizes, appli 
tions, layouts, etc. 


31 @ CHART OF RESISTANT CEMEN 
To aid the engineer who must sel 
a cement for use in a corrosive 

vironment, The Pennsylvania § 
Manufacturing Co. offers a ch 
showing the resistance to chemic 
of both resin and silicate cements. 


32 @ PRESSURE VESSELS. A. O. Smi 
Corp. issues, with this bulletin, t 
first of six on the subject of mul 
layer pressure vessels. The bulleti 
covers the manufacture and assemb 
of the units, which are built by wra 
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ping, tightening, and welding succes- 
sive layers of thin steel plate around 
a pressure tight cylinder. No limit 


Illustrated. 


33 SAFETY WITH The Na 
tional Board of Fire Underwriters 
has issued a research report on Pre- 
cautionary Fire and Explosion Safe- 
guards in the use of Chlorine Diox- 
ide for Industrial Bleaching.” The 
chemical is used in bleaching flour, 
fats, oils, sugar solutions, paper, ete. 


34 @ UNION CARBIDE AND CARBON. 
This huge corporation explains its 
companies and the products they 
make. Historical resumes and de- 
scriptions of the five major corpora- 
tion groups~Alloys, Chemicals, Bat- 
teries, Industrial Gases and Carbide, 
and Plastics. 


e@ ANTHRAFILT. The tenth edition 
f a manual on the use of anthracite 
oal as a filter material replacing 
nd and gravel. Palmer Filter and 
Equipment Corp., in this pamphlet, 
nswers questions on the use of the 
aaterial and gives data from installa- 
ions in operation. 


e TECHNICAL DATA, A Lefax cata- 

packet listing over 2000 titles of 
ata sheets available, plus sample 
neets and information on how to 
ake notes, filing methods, indexing, 
tc. Covers mathematics, engineer- 
ng, chemistry, etc. 


7 @ WASTE TREATMENT. For engi- 
cers requiring a complete catalog 
{ equipment used in 
¢ American Well Works has pub- 
ished a 24-page manual. It covers 
ctivated sludge-screening, grit re- 
oval, pre-treatment, sedimentation, 
tc. In most cases details of the 
jutpment are shown. 
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42 @ 43 @ POLYVINYL ACETATE. 
American Polymer Corp. has pub- 
lished two bulletins on polyvinyl ace- 
tate emulsions (42) and polyvinyl 
acetate solutions (43). (42) Has 
sections on theory of emulsions, 
properties, compounding, storage, 
etc. Uses of acetate emulsions are 
given plus graphs of various physical 
properties. (43) Contains data es- 
sentially the same as the above plus 
charts on viscosity, physical proper- 
ties, evaporation rate, etc. 


44 « CHOLINE CHLORIDE. For the 
feed industry Commercial Solvents 
Corp. describes the use of choline 
chloride as a livestock and poultry 
feed ingredient. Gives usual data on 
amount of supplement for feed, plus 
information on handling, mixing, 
ete. 


45 @ SOLVENTS. Technical descrip- 
tions of solvents manufactured by 
Pennsylvania Industrial Chemical 
Corp. are given in a 6-page brochure. 
Describes characteristics and physical 
properties of aromatic petroleum 
naphthas, coal-tar naphthas, solvent 
oils, etc. For use by paint and var- 
nish, insecticide, organic chemical, 
leather, printing ink and other in- 
dustries. 


46 « FORMALDEHYDE. The Chemical 
Division of Celanese Corporation of 
America in a 30-page technical data 
book on formaldehyde has included 
all pertinent data necessary for en- 
gineers and production men hand- 
ling this product. In addition to 
physical properties and methods of 
analysis, it covers uses, toxicology 
and first aid, storage and handling, 
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shipping and unloading. Illustrated, 
it contains many tables, and has pic- 
tures of correct method of coupling 
and uncoupling tank cars. 


47 « VINYL BUTYRAL RESINS. For the 
plastic field Bakelite Corp. has is- 
sued Technical Release No. 11, a 22- 
vage bulletin on vinyl butyral resins. 
hows general perties, com- 
solubility, applications, 
ormulas, etc. 


48 @ GLYCERINE IN COSMETICS. A 
technical data book published by 
the Glycerine Producers’ Association 
discusses use of glycerine in drugs 
and cosmetics. Shows how the four 
properties of glycerine as a humec- 
tant, solvent, sweetener, and antisep- 
tic, fit into the requirements of these 
industries. Includes data and tables 
on specific gravity, viscosity, freezing 
point, relative humidity, ete. 


49 @ TRANSPARENT FILM ADHESIVE. 
For the users of transparent films, 
National Starch Products Inc. has 
a chart showing types of transparent 
tapes, how to identify the various 
kinds, who manufactures each kind, 
trade name, gages and thicknesses in 
which it is manufactured, and char- 
acteristics. There are 14 different 
films which are identified according 
to their basic chemical composition. 
The chart is part of a booklet on 
special adhesives made by this com- 
pany for transparent films. The 
0oklet tells how to use adhesives, 
applications, etc. 


50 @ BUTYL-META-CRESOL. A |4-page 
technical bulletin of the chemical 
division of Koppers Co., Inc., de- 
voted to monotert-butyl-meta-cresol 
used as disinfecting agent. Bulletin 
contains representative formulas for 
germicides and disinfectants, plus 
complete information on the chem- 
ical itself. Typical formulas are 
Riven. 


51 @ SYNTHETIC DETERGENT. A non- 
technical folder by the Antara pro- 
ducts division of General Aniline & 
Film Corp. on synthetic detergents— 
their history and application. De- 
signed for nontechnical users of de- 
tergents. 


52 CHOLINE DI-HYDROGEN CITRATE. 
For the pharmaceutical industry 
Chemo Puro Manufacturing Co. has 
a new form of the choline salt of 
di-hydrogen citrate. Especially 
adapted for tablet machines since 
the particle size is controlled. 
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... of filter plates in 
SPARKLER FILTERS 


means no shut-down for cleaning . . . The 
entire horizontal filter plate assembly in Sparkler Filters 
can be removed as a complete unit and a new assembly 
lowered into the filter in a few minutes without appreci- 
able interruption in service. This quick change of plates 
is an exclusive Sparkler feature. No other filter has this 
unit assembly of plates for fast handling. 

Another distinctive Sparkler feature is the firm, even 
support of the fileer cake provided by the horizontal 
position of the plates. The filter cake will not crack 
or slip under variation in pressures or with inter- 

: mittent operation of the filter. Any type of filter 

: paper, cloth, screen, or filter media can be used 
without danger of breaking. There 
is no supporting strain on these 
materials. 

Sparkler filters take up little 
floor space, are completely en- 
closed, and are available in stainless 
steel, mild steel, rubber lined, steam 
or brine jacketed, monel, nickel, 
or bronze. They are capable of effi- 
ciently handling practically any 
kind of liquid from thin alcohols to 
varnishes and resins. 

Sparkler service includes labora- 
tory test runs and engineering of 
continuous flow filtration for pro- 
duction line installations. Write, 
giving details of your filtering 


SPARKLER MANUFACTURING 


MUNDELEIN, ILL. 
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NEW JERSEY 


This section's first symposium and 
dinner meeting was held Jan. 17 at the 
Hotel Essex House in Newark, N. J 


The afternoon technical meeting on the 
unit operation settling was attended by 
some 175 engineers, including a group 
Newark 

Ralph Cohen 
chairman of the 
sided 

The problems involved in the clarifi 
cation of liquids and the design of suit 
able equipment were discussed by Dr. I 
|. Roberts of The Dorr Co. C. | 
Lapple of the Du Pont Co. presented a 
review of the fundamentals of the mo 


of semor students trom nearby 
Engineering 
ot Hoffmann-LaRoche 


syMiposiun 


College ot 


committee, pre 


tion of particles suspended in fluids. A 


new correlation for the prediction of 
pressure drop due to vapor flow through 
both fixed and moving beds of regular 
shaped materials was the subject of a 
paper offered by Dr. John Happel of 
New York University. The program 
was concluded with a paper by Dr. R. B 
Booth of American 


sented in his absence by | 


Cyanamid, pre 
S. Kennedy 
The subject covered the history, theor 
etical aspects and application of froth 
flotation in the recovery of various min 
eral products 

Atomic energy was the subject of the 
dinner meeting Vike 
Energy Commission, 


and Sumner 
\ tome 
plaudits of 100 dinner guests 


mem 
ber of the 
ilrew the 
with his discussion of the more recent 
developments and problems m the nu 
held 
ternational situation. F. | 
editor, 
Pike to the assemblage 
Dr. W. L. MeCabe 
und S. L. Tyler 
Of particular interest to the group were 
Mr. Pike's pressing 
need for chemists and engineers to de 
practical cutting 
down waste in processing uranium and 
for recovering cheaply and efficiently 
that material already wasted 

Stephen L. Tyler, National Secretary 
presented the official local section char 
ter to this newly ata 
meeting held in the Winfield Scott Hotel 


relation to the in 
Van Ant 
mtroduced Mr 
which 


clear and their 
werpen 
included 

National President 
Executive Secretary 


comments on the 


velop methods for 


formed section 


in Elizabeth, Dec. 13, 1949. Mr. Tyler 
expressed his pleasure at the rapid 
growth of this section, which, with its 


4375 members, is already one of the larg 
est in the country 


Following Mr. Tyler's presentation 
Charles J]. Dodge, managing director 
New Jersey Society 


t Professional 


Engineers, discussed the problem of the 
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LOCAL SECTION NEWS 


promotion of the professional status of 
engineers 

The technical program of the evening 
consisted of a discussion of the Houdri 
flow Process by 


Catalytic Cracking 


C. G. Kirkbride, vice-president and di 
rector, Houdry Process Corp. Signifi 
cant among the more recent develop 


ments im the process ts the use of the 
the fluid 


italyst 


hydrocarbon charge vapors as 


medium in the lifting of the 


ported by Donald A. Levenson 


ST. LOUIS 


This section meeting im the 


Hotel 


with 7> mem 


held a 
ballroom of the 
1049 


sts in attendance 


main York 
St. Low Le« 13 
bers amd gue 


The address of the evening, given by 


Francis J. Curtis, then President of 
A.LCh.E.. was entitled This Institute 
of Yours 

Right at the start Mr. Curtis told his 
listeners that members of a society get 


out of it benefits m 


to what they put into it 


exact proportion 


Specifically on 


the subject of local sections, “the Inst: 
tute’s life he believed that they 
could deal more with student chap 
ters, chemical engineering education 
professional training, personal advis 
ing and in following state legisla 


tion of interest to chemical engineer; 


He said an increase in membership 


activity was desired, and that those who 


worked 


necessarily 


hard on local committees are 


gomg to be advanced, as 
well as derive personal satisfaction. He 
gave statistics on all grades of mem 
it is not the policy of 
the Institute to go out after 
earnest 


bership and said 
quantity 
that 
every properly qualified chemical eng: 


alone but it is the desire 


neer in the United States be a member 
take part in its activities, and act as a 
creator of those activities 

Listing the activities of the Institute 
he gave first the publication and dis- 


semination of chemical engineering 


knowledge We must build up a body 
of the beet chemical engimeering litera 
ture we can if the profession and science 
are to advance.” He continued 

The second great activity of the Institut 
is in the personal contacts between its mem 


ers. The prime method which the Insti 
tute uses to forward this end of tts ex 
istence 1s the program of meetings. In 1946 


there was inaugurated a 


meetings. The 


program of reg 
results have shown a 
national and 


ronal 
hie r s ttendan t 
attcemiane a 


seminational meetings 


CHEMICAL ENGINEERING PROGRESS 


Continuing on the Institute's activi- 
ties Mr. Curtis said: 


The Institute maintains high professional 
standards. The code of ethics is subscribed 
to by each member The Walker and 
Junior Awards are given yearly for high 
excellence of chemical engineering work as 
reported in publications and recently there 
instituted the Professional Pro 
gress Award to recognize the broader pro 
fessional success 


has been 


Mr. Curtis referred to the cooperation 
ot the Institute with Joint 
Council in the studies of the protes 
status ot 


Engineers’ 
sional and economic chemists 
and chemical engineers; the accrediting 
and 
examinations of schools 
has been adopted 
eng! 


system which set the standards 
methods of 
This 
and extended to other branches of 
Pb.” 

Mr. Curtis then spoke of the work ot 
the Committee on Student Chapters, the 
Committee 


other 


system, he said 


neering by the Et 
Committee on Admisstons 


and 
committees working on questions with 


on Professional Guidance 


regard to Constitution and By-Laws 
In summary he spoke as follows 


the greatest field of enlargement 

seems to be im the activities of the local 
sections. Insofar as possible they should be 
a duplicate of the society. We 
must personalize our local sections. We 
must see that people know each other, meet 
each other, and make friends 

Don't avoid criticism of the 
let it be constructive 

We feel that the Institute should have 
done a better job in explaining ourselves t 
the general public. The Public Relations 
Committee has taken upon itself this 
burden 


national 


Institute but 


It was the consensus of the greuy 
that a survey of Institute 
activities by some well-informed mem 
ber of the Institute is highly desirable 
ts continued forward 


periodic 


and necessary to 
development 
Reported by R. S. Yates 


ROCHESTER 


At the Jan. 18 meeting 41 member, 
and guests attended the dinner at Lor 
enzo's and 85 were present at the meet 
ing at Rundel Memorial Library 

The speaker was L. E. St. Johns 
whose topic was “Why Obtain a Pro 
The 
concluded by the showing of two mov-§ 
ies: “Agitation” by the Du Pont Com 
pany and “Problem and Re 
sult,” by Hercules Powder Co 


Reported by FE. W 


fessional License program was 


Solution 


Costich 


(Continued on page 28) 
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What every Chemical Engineer 


should know about Pressure Filters 


Pressure filters are probably the most 
commonly used filters in the processing in 
dustries and are, with few exceptions, inter 
mittent or batch filters. Although there arc 
many types of pressure filters on the mat 
ket—disc, porous stone, cartridge, etc.—the 
plate-type and leaf-type are the most gen 
erally used for medium. and large-scale 
operations 


PLATE-TYPE FILTERS 


The best known and most widely-used of 
the plate-type is the plate-and-frame filter 
press which usually employs filter cloth as a 
base for the filter cake. Also well known 
are the horizontal-plate filters which have 
certain definite advantages in small sizes for 
handling relatively small-batch operations, 
but which are high in cost and unnecessarily 
bulky when large filter areas are required 


LEAF FILTERS 


There are many different types of pres- 
sure-leaf filters, such as the horizontal leaf, 
rotating leaf, and vertical leaf. Probably 
the simplest in design and most practical in 
application is the Niagara vertical leaf filter. 
employing all-metal filter leaves covered 
with permanent, fine-mesh wire filter cloth 
with openings small enough to quickly take 
a precoat of even the finest commercial 
filter-aids. 

Limitations of this filter are that (1) It is 
a clarifying filter and cannot efhciently 
handle slurries with high percentages of 
solids; (2) It is not ideally suitable where 
the cake, not the liquid, is valuable. 

However, it is ideally suited to most ap- 
plications where plate-and-frame presses 
and other pressure filters are used for clari- 
fication purposes. Designed to combine 
most of the advantages of these other filters, 
it overcomes many of the disadvantages, 
particularly of the filter press, such as ex 
cessive time and labor for cleaning, poor 
cake-washing characteristics, bulky construc 
tion, uneven pressure distribution over 
total area, product leakage, non-uniform 
precoating, etc, 


ADVANTAGES 


Main advantages of Niagara Filters are 
) Totally enclosed, high-pressure hil 

tration 
Elimination of all labor and ex 
penses connected with handling 
washing, replacement, etc., of filter 
cloths 
Higher rates of flow per unit filter 
areca. 
Complete, sparkling filtrate clarity 
Excellent cake-washing characteris 
tics (almost true displacement wash 
ing) . 
Greatly reduced floor space require 
ments. 
Rapid, easy cleaning and cake re 
moval. 
100°, corrosion-resistant alloy metal 
construction . . . stainless steels, other 
metals if required, at reasonable cost 

(9) Easily jacketed for high-temperature 
operation, 

(10) Maintenance almost eliminated, 
since there are no moving parts 

(11) One-man operation and handling, 
even of a battery 

(12) Unit filter area up to 500 square feet 

(13) Lower first cost where corrosion-re 
sistant materials are required 


LOW OPERATING 


This filter, although relatively new in its 
application to the chemical and processing 
industries, is rapidly replacing many of the 
traditional, old-style pressure filters, This 
trend is the result of an increasing tendency 
to use corrosion-resistant equipment and 
the realization by plant operators that 
lower equipment operating and mainte 
nance costs must be achieved to keep profits 
up in the squeeze between increased labor 
and material costs and an increasingly com 
petitive te situation. 

For additional data and information on 
the Niagara pressure-leaf filter, the new 
self-cleaning “Auto-Sluice” filter, and Ni 
agara’s pilot filter rental service, write 
Niagara Filter Corporation, 3091 Main St., 
Buffalo 14, N. Y. 


Adrertiwement 
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MEETINGS 


Regional — Houston, Feb 
26-March 1, 1950 

Technical Program Chairman: M 
C. Hopkins, Pan American Refin- 
ing Co., Texas City, Tex 

Co-Chairman: K. A. Kobe, Univer- 
sity of Texas, Austin, Tex. 


‘egional Swampscott, Mass., 
New Ocean House, May 28-31, 
1950 


Technical Program Chairman: R. L. 
Geddes, Stone & Webster Eng 
Corp., Boston, Mass. 

Co-Chairman: E. R. Gilliland, 

+ Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

Regional Minneapolis, Minn., 
Sept. 10-13, 1950. 

Technical Program Chairman: E. L. 
Piret, Minnesota Mining & Mfg. 
Co., Minneapolis, Minn. 


Annual — Columbus, Ohio, Dec. 3-6, 
1950 


Technical Program Chairman: John 
Clegg, Battelle Memorial Institute, 
Columbus, Ohio 


Regional—Kansas City, Mo, May 
13-16, 1951 

Technical Program : 
Walter W. Deschner, J. F. 
Pritchard Co. Kansas City, Mo. 

Annual — Atlantic City, N. J. 
Chalfonte-Haddon Hall Hotel, 


Dec. 2-5, 1951. 
SYMPOSIA 
Indoor vs. Outdoor Plant Con- 
struction 


Chairman: J. R. Minevitch, E. B 
Badger & Sons Co., 75 Pitts St. 
Roston, Mass 

M ceting— Not scheduled 


carbon should go to the Ect: r, I 


George E 


FUTURE MEETING AND SYMPOSIA OF A.I.Ch.E. 


Chairman of the AL.ChE. Program Committee 
Holbrook 


Room 7406 Nemours Bidg 
FE. L. du Pont de Nemours & Co. 
Wilmington, Del 


Chemical Engineering Funda- 
mentals 

Chairman: Mott Souders, Shell De- 
velopment Co., San Francisco 

Meeting— Minneapolis, Minn. 

Chemical Engineering Kinetics 

Meeting— Minneapolis, Minn 

Chlorine-Alkali Industry 

Chairman: C. F. Prutton, Mathieson 
Chem. Corp., New York, N 

Meeting—Houston, Tex 

Fluidized Systems in Chemical 
Syntheses 

Chairman: E. R. Gilliland, Massa- 
chusetts Institute of Technology, 
Cambridge, Mass. 

Meeting—Swampscott, Mass. 

Ultrasonics 

Chairman: Dudley Thompson, Vir- 
Polytech. Inst., Blacksburg, 


a 

Meecting—Swampscott, Mass. 

Chemical Engineering in Food 
Industries 


Chairman: W. L. Faith, Corn Prod- 
ucts Refining Co., Argo, Ill 

Mceting— Minneapolis 

Applied Thermodynamics 

Chairman: James Coull, University 
of Pittsburgh, Pittsburgh, Pa. 

Meeting—Not scheduled 

Phase Equilibria 

Chairman: W. C. Edmister, Carnegie 
Inst. of Tech., Pittsburgh, Pa 

Meetings— Houston and Minneapolis 

Chemical Engineering in Glass 
Industry 

Chairman: F. C. Flint, Hazel-Atlas 
Glass Co., Washington, Pa 

Meeting—Not scheduled 

Processing of Viscous Materials 

Chairman: W. W. Kraft, The Lum 
mus Co. New York, N 

scheduled 


Authors wishing to present papers at a scheduled meeting of the A.LChE 
should first query the Chairman of the A.I.Ch.E. Program Committee, George 
E. Holbrook, with a carbon copy of the letter to the Technical Program Chaar 
man of the meeting at which the author wishes to present the paper \nother 
Van Antwerpen, 120 East 4]st Street, 
New York 17, N. Y. Lf the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 


LOCAL SECTION NEWS 


(Continued from page 26) 
PITTSBURGH 


A comprehensive analysis of the man- 
agement of technical operations was 
provided by Dr. Frank K. Schoenfeld, 
vice-president-technical, B. F. Goodrich 
Chemical Co., in a talk given at the 
Jan. 4 dinner meeting held at the College 
Club of Pittsburgh. 

In discussing organization problems, 
Dr. Schoenfeld emphasized the impor 
tance of team effort, and the training, 
conditioning, and selection of suitable 
personnel. Selection of able group lead- 
ers who recognize the trusteeship and 
basic management responsibilities of 
their position in the organization was 
shown to be most important. The 
speaker defined corporate responsibility 
and explained how it affected the opera 
tions of technical management. 


Reported by Hugh L. Kellner 


PHILADELPHIA- 
WILMINGTON 


A successful and interesting meeting 
was held Jan. 10 at the Clubhouse Hotel, 
Chester, Pa., at which time a sound- 
motion picture in color of “Visual 
Studies of Bubble Cap Tray Operation” 
was shown, through the courtesy of 
C. F. Braun & Co., Alhambra, Calif. 
by Clifford C. Burton and William 5S. 
Sevier, district engineer, New York 
office, C. F. Braun Co. 

This film showed the range of liquid 
and vapor rates within which operation 
was considered satisfactory, and also 
the performance outside this range as 
affected by such conditions as coning, 
dumping, high liquid gradient, flooding 
and excessive entrainment. 

Attendance was 120 at dinner and 
210 at the meeting 


Reported by R. B. Chillas, Jr 


CLEVELAND 
New officers who were elected at the 
November, 1949, meeting ar« 
Chairman—Dr. J. L. Wallace, The 
Glidden Co., 1396 Union Commerce 
Building, Cleveland 
Vice-Chairman—Dr. T. J. Walsh 
Case Institute of Technology, 


the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Commouttes Retore ' 
authors begin their manuscripts they should obtain from the meeting Chairman Treasurer—W M Gaylord Na 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The tional Carbon Co., 11709 Madison 
first book covers the preparation of manuscripts, and the second covers Ave. Cleveland 


Cleveland 


the proper sentation of papers at A.I.Ch.E. meetings. Presentations of : 
papers are judged at every mecting and an award is made to the speaker Secretary—E, N. Marsh The tand 
who delivers his paper in the best manner. Winners are announced in Chemical ard Oil Co. (Ohio), Standard , 


Engimeering Progress, and a scroll is presented to the winning author at a 
meeting of his local section. Since five copies of the manuscript must be 
prepared, one should be sent to the Chairman of the symposium and one to 
the Technical Program Chairman of the meeting, or two to the Technical 
Program Chairman if no symposium is involved and the other three copies 
should be sent to the Editors’ office. Manuscripts not received 70 days betore 
a meeting cannot be considered 


Building, Cleveland 
Executive Committee Member 
A. J. Teller, Fenn College, 1983 
Fast 24th Street, Cleveland 
Reported by E. N. Marsh 
(Continued on page 30) 
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Piping equipment for every need 
from one complete line... CRANE 


Take This HC! Absorber Installation, for example. Here 
Crane equipment controls the flow of hydrochloric acid. 
But regardless of the fluids you may be handling, the 
valves, fittings, pipe and accessories you need are avail- 
able from Crane. One order to your local, well-stocked 
Crane Branch or Wholesaler covers everything for the 
job . .. in brass, iron, steel and corrosion-resistant alloy 
materials. 

To rely on the completeness of this Single Source of 
Supply is to simplify all piping procedures—from orig- 
inal design to final erection and maintenance. To put 
Complete Responsibility on Crane for materials avoids 
delays, assures better installations. And to count on the 
High Quality of every item from Crane is to help your- 
self to better piping performance—from end to end of 
every system. 

CRANE CO., 836 S. Michigan Ave., 
Chicago 5, Ill. Branches and Wholesalers 
Serving All Industrial Areas. 


ONE 


SOURCE OF SUPPLY 
RESPONSIBILITY 
STANDARD OF QUALITY 


for many other corrosive services—Crane 
recommends No. 1615 Neoprene-limed iron 


body diaphragm valves. Separate disc and 


£HTTINGS in concentrations up to 35%, and 


diaphragm construction assures longer 
diaphragm life, positive shut-off of flow even should 
diaphragm fail. Y-pattern body design bas greater 
flow-through capacity. Working pressure: up to 190 
pounds water, oil, air, or gas; 180° FP. maximum 
temp. Sizes: to 6-in. Write for Folder AD-1761. 


EVERYTHING FROM... 
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VALVES + FITTINGS 
PIPE + PLUMBING 
AND HEATING 
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UNIFORM BLENDS 
By the Carload! 


The Mixing Problem was typi- 
cally modern . . . calling for 
super capacities with absolute 
uniformity to the last ounce. 
1400 cu. ft. of ceramic mould- 
ing powder base were involved 
in each batch. Variations in 
moisture content between 
batches were objectionable. 
From Sprout - Waldron came 
the final solution. First, six 
standard vertical mixers were 
each expanded to 300 cu. ft. 
These in turn were laced to- 
gether with an ingenious sys- 
tem of screw conveyors, per- 
centage feeders, and automatic 
controls. Plenty complicated 
— but it was all within the 
scope of Sprout - Waldron 
know-how. 

Whether vour blending opera- 
tions involve uniformity by 
carloads or grams, consult 
Sprout - Waldron first. A 
wealth of practical engineer- 
| ing experience and broad man- 
Wil ufacturing facilities are at 
your disposal. 


| 
HHH @ Bulletin 44 tells the Sprout - Waldron 
MI Equipment Story. Write for it today! 
Ml 
i} 
| 


Sprout, Waldron & Co., Inc., 17 Waldron 
Street, Muncy, Pa. 


Mh proyt-Waldron 


120 


LOCAL SECTION NEWS 


(Continued from page 28) 
AKRON 


Approximately 60 members and 
guests attended the first meeting of the 
new year which was held Jan. 12, 1950 
at the Elks Club. 

R. P. Lowe, president, Proportioneers 
Inc.. spoke on “Proportioning by 
Weight—-By Volume.” Mr. Lowe aptly 
described the fundamentals underlying 
fluid and solid metering. By means of 
slides he showed applications of auto- 
matic charging of liquids to Banbury 
mixers used in the manufacture of rub- 
ber products. A high degree of ac 
curacy in proportioning of liquids by 
volume for continuous processes is 
achieved by a new development which 
utilizes an integrator having a true zero 

A regular meeting of this section will 
be held March 9. The speaker will be 
k «. (Cunness manager, research, 
Standard Oil Company of Indiana, 
whose subject will be Synthetic Fuels 


Reported by John Hi’. Kosko 
OHIO VALLEY 


Members of this section met in Cin 
cinnati Jan. 5, 1950, to hear Edward A 
Ulrich, vice-president and technical di- 
rector, Niagara Filter Corp., discuss 
Filtration. Mr. Ulrich is an authority 
on filtration and clarification in the 
brewing and sugar industry. In the 
business meeting the section discussed 
the revisions to the local section by-laws 


Reported by A. ( Grreber 
WESTERN NEW YORK 


This section held a joint meeting with 
the Niagara County Chapter of Profes 
sional Engineers Jan. 19 at the plant 
cafeteria of the electrometallurgical di 
vision of Umon Carbide and Carbon 
Co., Niagara Falls, N. Y. The technical 
program consisted of a symposium on 
Dust Control and Elimination 

This section, a member of the Tech 
nical Societies Council, held a joint 
meeting with all technical societies im 
the Niagara Frontier Nov. 16, 1949 
M. E. Streebe, president of the Long 
Lines Division of the Bell Telephone 
(o., described the mechanism of trans 
mitting television, radio impulses from 
city to city. The growth of the coaxial 
cable mileage was traced to show how 
rapidly the industry is growing. Mr 
Streebe demonstrated the microwave 
relay system of transmission on the 
stage. A film, “Stepping Along with 
Television,” demonstrated how a pro- 
gram originating in New York was 
transmitted to Philadelphia, then Cleve 
land, Buffalo, Toledo and Chicago 
through coaxial cable. 


Reported by E. C. Mirus 
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NORTHERN CALIFORNIA 


At the Jan. 9 meeting 110 were in 
attendance to hear Paul H. Davies dis- 
cuss the opportunities in American 
business and the relationships between 
government, management, and labor. 
President of Ford Machinery and 
Chemicals Corp., San Jose, Calif. 

The newly appointed committee chair- 
men are: 


Program—R. W. Lundeen 
irrangements—H_ D. Guthrie 
Publicity—]. V. Hightower 


Professional, Economic Status- 
J. A. Samaniego 
Education—R. H. Ewell 
Membership—A. George Stern 
San Francisco Engineers Council 
N. P. Anderson 
C. R. Nelson 


Reported by H. D. Guthrie 


DETROIT JUNIOR GROUP 


Officers of this group for the year 
1950 were installed Jan. 9 They are: 


Leon Chrzan 
Philip Lenton 


President. . 
Vt e-President. 
Secretary-Treasurer 
Robert Cavanaugh 
Program Chairman 
Richard Leslie 
Vembership Chairman 
Peter 


Bonnell 


The speaker of the evening, Dr. 
Melvin Nord, chemical engineering de- 
partment, Wayne University 
the group on the subject “Legal Aspects 
of Engineering.” Dr 
the differences in the 
and in the 
Law deals with people and con 


ssed 


Nord pointed out 
and the 
used by 


lawyer 
engineer methods 
cac h 
cerns the application of social science 
whereas gineering concerns the appli 
cation ‘ral science 

Jr. silustrated his talk with in 


teresting !egai problems and in conclu 
out 


entanglements 


sion he several common 
the 


chemical engineer might easily become 


pointed 


legal with which 


involved during the course of his career 


Reported by P. A 


Lenton 


TWIN CITIES 


Figure it at 


FULL RATING 


Acrofin's continued research 
has developed accurate rat- 
ings that are good for the 
life of the unit. You can al- 
ways count on Aecrofin to de- 
liver full-rated capacity — full 
efficiency. 


Over 25 years’ experience, 
combined with unequalled 
production facilities, enables 
Aerofin to select just. the 
right surface and materials 
for each particular job. Aero- 
fin rigidly controls every 
phase of the production of its 
heat-transfer coils and units. 


AEROFIN 
RATINGS ARE 
ACCURATE AND 
RELIABLE 


The men is looking for air bubbles he 
is testing Acrofin heat-transter coils with 
air pressure in specially Wleminsted 
tank. there ere no bubbles, it means 
the immersed Acrofin anit has withstood 
the severe strains of steam and hydrostatic 
pressure tests end is ready to five you 
long. efheient service 


[he Minnesota Chemical Engineers 
Club was 
as a local section and is now known as 
the Twin Cities Section of A.1.Ch.E 


The new section held a dinner meet- 


recently granted recognition 


ing on Jan. 25, 1950, in Minneapolis. 
Atter the business meeting M. H. 
Baker, market research department, 


General Mills, Inc., gave a 
“Chemical Process Development.” 


Reported by 


(Continued on page 32) 
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talk on 


VW. Podas 


Aerofin units do the job 
Better, Faster, Cheaper 


NEW YORK © CHICAGO © CLEVELAND © DETROIT 


PHILADELPHIA 


DALLAS 


SAN FRANCISCO © MONTREAL 
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HIGH PRESSURE 


Valves « Fittings 


A large variety of standard 
valves and fittings are available 
in three general pressure ranges 
— 25,000, 60,000, and 100,000 psi— 
in such types as straightway, 
angle, cross, check, relief, com- 
bined inlet and bleeder, etc. 

Special valves up to 3 in. pipe 
size can be built for pressures 
up to 10,000 psi. 

Fittings include couplings, el- 
bows, tees, crosses, adapters, 
connectors (gage, gas-tank, and 
electrical), and bushings for con- 
necting one size of tubing to 
another. 

me of stainless steel and 
other alloys for pressures up to 
100,000 psi. 


COMPRESSORS — INSTRUMENTS 
PILOT PLANTS — PUMPS 
REACTION VESSELS 
DEAD-WEIGHT GAGES 
for pressures up to 100,000 psi 


RUME NT Write for 


SP Ringe MARYLAND 
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NEW ORLEANS 


This section, and the Delta section, 
A.LM.E., jointly sponsored a technical 
session of the Louisiana Engineering 
Society 1950 annual meeting at New 
Orleans. At the session, Jan. 14, A. L. 
Vitter, Jr. petroleum engineer, the 
California Co. spoke on “Offshore 
Operations.” 

In 1948 the Louisiana Council of 
Engineers (this section is a member) 
succeeded in having a professional engi 
neers’ registration act passed by the leg- 
islature. This act was subsequently ve 
toed by the governor. On Jan. 6, 1950, 
the Louisiana Council of Engineers met 
again to consider further action in this 
matter. The meeting was well attended 
with representatives from the various 
engineering societies. It was brought 
out that those who requested a veto of 
the bill in 1948 had been approached and 
that misunderstandings had been clari 
fied. By acclamation it was decided to 
make an effort to reintroduce the 1948 
version of the bill into the 1950 legisla- 
ture if an assurance could be obtained 
from the governor that it would net be 
vetoed again. Such an assurance ap 
pears likely. 

At a meeting Jan. 19 J. H. Rushton, 
director, department of chemical engi 
neering, Institute of Technology, Tech 
nology Center, Chicago, Ill, spoke on 
“The Technology of Mixing.” 


Reported by R. M. Persell, 
and K. M. Decossas 


CHARLESTON, W. VA. 


This section held a meeting Jan. 17, 
1950, at the North Charleston Recrea 
tion Center. The speaker of the evening 
was Ragnar D. Naess of Naess, Thomas 
& Thielbar, investment counsel, of New 
York. His subject was “An Investment 
Manager Looks at the Chemical Indus 
try.” 

Mr. Naess compared from an invest 
ment standpoint the stocks of nine chem- 
ical companies with the thirty stocks 
included in the Dow Jones Industrial 
Average. He expressed the opinion 
that the chemical stocks take first place 
among the few common stocks that are 
an absolute “must” for inclusion in in- 
vestment portfolios. Features of the 
chemical industry emphasized by Mr 
Naess in supporting his opinion were 
its preeminence in dynamic growth pos- 
sibilities, its conservative price policy 
compared with many manufacturing in- 
dustries whose profits have been lifted 
to abnormal levels by inflation of com- 
modity prices, its conservative financial 
structure, and its favorable earnings and 
dividend record 

The next meeting of the section will 
be a dinner meeting to be held at the 
Daniel Boone Hotel, Feb. 21, 1950 


Reported by R. W. King 
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LETTER TO THE EDITOR 


Humanitarian Service by What 
Yardstick? 


Sir: 


James B. Weaver on page 33 of the | 


December Chemical Engineering Pro- 
gress seems to be depressed about the 
amount of service he renders to his 
fellow-humans. 

I believe that he is using two stand- 
ards of measurement. He measures 
himself and his fellow-engineers by 
very strict standards against a mighty 
ideal. He measures doctors, lawyers, 
and ministers by much looser and more 
generous standards against something 
less than an ideal. His results overrate 
the doctors and lawyers and underrate 
the engineers. 

The groups selected by Mr. Weaver 
have this in common—they attempt to 
get humans who are in trouble out of 
their troubles. 

There is much emotion involved in 
spiritual matters and I believe ministers 
should be omitted from the discussion. 


Doctors, i.e., doctors of medicine and | 


dentistry, and lawyers are commonly 
called on after we are in some sort of 
trouble, and we are in the mood, at such 
times, to regard them as something ex- 
traordinary. This idea is fixed more 
firmly in our minds by the fact that a 
segment of the persons practicing medi- 
cine and law is extremely vocal in praise 
of themselves and their professions. If 
we engineers spread propaganda about 
ourselves and our profession with an 
equally free hand, it would require only 
a limited time to “educate” the public 
to our “virtues.” 

In matters of law and religion there 
is little we can do as engitieers to aid 
our fellow-humans directly. In matters 
of health and better living, there seems 
to me to be a multitude of tasks that are 
awaiting attention of competent men. | 
might suggest as a starter for Mr. 


Weaver, the field of human nutrition | 
and health, where problems involving | 


anything from the soil itself through the 


cycle of plant and animal crops, food | 


and food processing, to the utilization 
of sewage, are all calling for competent 
attention. There are other fields. 

We, as a profession, have the work 
of bettering the lot of our fellow- 
humans. Generally we have to work as 
teams, rather than individuals. 


Again, may I suggest that Mr. | 


Weaver evaluate his and other profes- 
sions by similar standards 


Dec. 28, 1949 
A. M. Cox 
Pacific Grove, Calif 


@ General Ceramics equi 
ment—stoneware (Ceraware), 
porcelain (Cerawite) and im . 
nated graphite (Impervite)—is 
swer to your corrosion problems, if you handle 
muriatic, sulphuric or nitric acids, hydrogen perox- 
ide or any other corrosive agents except hydrofluoric 
acid and hot caustics. It's not only corrosion resistant, 
but corrosion proof, serves best where corrosion is worst. 


Whats your problem?... 


HANDLING CORROSIVE GASES? 
Answer: 
Use Cerawore Vacuum Pumps 
Bulletin CHE-R3 


FUME DISPOSAL? 
Answer: 
Use Cerawore Exhousters 
Bulletin RA and REPR 


STORING CORROSIVE LIQUIDS? 
Answer: 
Use Ceraware and Cerawite ves- 
sels and tanks 
Bulletin 111 and J 


COOLING AND HEATING 
CORROSIVE AGENTS? 
Answer: 
Use Impervite and Cerowore Heat 
Exchangers 
Bulletin GR, 175 and Circular A 


Write for the Bulletins that answer your 
corrosion problem . .. Write 
or Bulletin No. CHE-R3 for a des- 
cription of the full scope of General 
Ceramics’ manufacturing and service. 


YOU SAVE 3 WAYS WITH GENERAL Ceramics’ SSS* 

Sovings shipping costs... one shipment for everything 
Sovings on paper work, accounting... one order, sue 


General Ceramics ano cone. 
CHEMICAL EQUIPMENT DIVISION 

33 Crows Mill Rood Keosbey, New Jersey 
Sales Offices in: BUFFALO, CHICAGO, LOS ANGELES, PITTSBURGH, 
PORTLAND, ORE, SAN FRANCISCO, SEATTLE, TACOMA, MONTREAL, 

TORONTO, VANCOUVER, 8. C. 

Our Insulater Division Manufactures Stectites, Porcelains, 

"Single Source of Supply.  Vitenates, Ferrites @ 5539 
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Vol 27 — against Acids, 


Alkalis, Salt, Oil and Water 


“Prufcoat proven superior to all other 
of America’s largest chemical pani 
atter eight years’ experience with Prul- 
coat. And this is just one of many reports 
on file testifying to the effectiveness of 
Prufcoat’s famous liquid plastic formula- 
tions in controlling corrosion caused by 
chemical agents such as these: 


Acetic Acid Muriatic Acid 
Alcohols Nitric Acid 
Bleach Solutions Oleic Acid 
Calcium Chiorde 

Chiorine Phosphoric Acid 
Cyanides Salt lutions 
Brmaidehyde 


Sugar 
Sulfonated Oils 
lc Ac Sulphuric Acid 
Lubricating Oils um Hydroxide 
Send today for a Prufcoat PROOF 
Packet. Contains in one easy-tofile folio 
outside laboratory tests, case histories, 
and Prufcoat ProtectoGraph Plan for 
analyzing your own p g mal 
costs. Write Prufcoat Laboratories, Inc., 


63 Main St., Cambridge 42, Mass. 


thot 


te Masonry, Metal 


J. T. COX, JR. 


C. 8. Williamson, Jr., formerly head, 
school of chemical engineering, Tulane 
University, New Orleans, La., has been 
made editor of the Sugar Journal, New 
Orleans 


E. D. Kane, formerly associated with 


the Ontario Paper Co. Ltd Thorold 
(Ont.), Canada, as process improve 
ment engineer, is now with the Bell 
Aircraft Corp. in the rocket testing 


group at Niagara Falls, N. Y 


Arthur C. 


charge of manufacturing 


Pope, vice-president in 
Ansul Chem 
ical Co., was recently elected one of the 


four new directors 


A. P. WEBER 


A. P. Weber has been named techni- 
cal director of International Engineer- 
ing, Inc., Dayton, Ohio, engineers and 
fabricators of chemical process equip- 
ment and industrial fans and blowers. 
He was formerly director of process de- 
velopment and process engineering, en- 


gaged in the nuclear energy and 
advanced scientific fields, for The Kellex 
Corp.. New York, a subsidiary of The 
M. W. Kellogg Co., and Pullman, Inc 
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J. T. COX, JR., WITH 
McBRIDE CONSULTANTS 


Dr. John T. Cox, Jr., resigned his 
position as deputy Office of 
Rubber Reconstruction Fin 
ance effective Jan. 1, to begin 
consulting chemical engi- 
neering in association with Russell S 
McBride and Gordon W. McBride at 
1518 K Street Northwest, Washington 
tain a consulting and advisory relation- 
ship to the Office of Rubber Reserve 

As director of production, Dr. Cox 
has been in charge of the government's 


director, 
Reserve 
orp., 
practice ot 


For some time he will also re 


synthetic rubber manufacturing pro 
gram. He has been responsible for 
supervising the conversion of these 


plants to the manufacture of “cold rub- 
ber Also under his supervision the 
government has developed liquid latex 
trom synthetic rubber 

Louisiana, Dr. Cox re 


ceived his chemical engineering educa 


\ native of 


tion at Louisiana State University and 
Massachusetts Institute of Technology 
and was awarded a Doctor of Engineer 
Institute of Tech 
the American 

\fter a 
years in the sugar and paper industries, 
with Rub 
ber Co. to develop and manage its syn- 


ing degree by Case 
nology for his work in 
synthetic rubber industry few 


he was Firestone Tire and 


thetic rubber work until he was engaged 


by R. F. ¢ 


for the wartime rubber pro 


gram 

Dr. Cox, a member of A.1L-Ch.E., has 
represented Reconstruction Finance 
Corp. on the President’s Scientific Re 


search Board. He is a founder and past 
president of Chemical Engineers Club 
of Washington, a member ot A.C.S 
and a board member of District Council 


of Engineering Societies 


Wendell G. Fogg, executive eng: 
Air Reduction Co., is located in 
the New York office of the company at 
60 East 42nd Street, New York 17 
N. Y. The company recently moved its 
laboratory from Stamford, Conn., to 


Murray Hill, N. J 


neer 


Erwin Schwenk is now research 
associate of the Worcester Foundation 
for Experimental Biology, 
bury, Mass. He is also a consultant 
with the Schering Corp., Bloomfield 
N. J 


Shrews- 
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F. G. BREYER HONORED 
BY AM. INST. CHEMISTS | 


Frank G. Breyer, member of the New | 
York consulting metallurgical and 
chemical engineering firm of Sing- 
master & Breyer, has received honor- 
ary membership in The American Insti 
tute of Chemists by vote of its Council 
Presentation was made at a meeting of 
the Institute’s New York Chapter held 
Feb. 15 at the Hotel Commodore. Mr. 
Breyer was honored for his important 
applications of chemistry and engineer- 
ing in industry. His acceptance address 
was titled “Grandpa and the Looking 
Glass.” 


F. G. BREYER 


Mr. Breyer’s professional career has 
been largely identified with the consult- 
ing firm of Singmaster & Breyer of 
which he was one of the founders. His 


outstanding contributions have been in | 


nonferrous metallurgy 
lated fields of application of these prod 
ucts These include 
and the 


economic and 


pigments, paints, 


inks, rubber graphic arts, in 
both their processing 
phases 

Mr. Brever studied chemistry at the 
Johns Hopkins University under Dr 
Ira Remsen, receiving the degrees of 
A.B. (1908) and M.A. (1910). After 
graduation he went with the New Jersey 
Zine Co., where he first met 
laborated with |. A. Singmaster. This 
association has continued uninterrupted 
ever since, and in 1927 the 
withdrew from New Jersey Zinc to 
form their own consulting engineering 
firm 


and col 


two men 


Arthur C. Ellsworth has been trans- 
ferred from the Columbia chemical di- 
vision of the Pittsburgh Plate Glass Co., 
at Barberton, Ohio, to the development 
department at the firm's Natrium (W. 
Va.) plant. Mr. Ellsworth has been 
associated with the firm's chemical di- 
vision since graduation from the Uni- 
versity of Denver in 1940. He holds the 
degree of B.S. in chemical engineering 

(Continued on page 37) 
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NEW! 


““aiROY metric” 
CONTROLLED 
VOLUME 
CHEMICAL PUMPS 


These are positive displacement, pre- 
cision metering units, with the exclu- 
sive Milton Roy double-ball check 
ends, by simple air 

inders. Plunger stroke length 
(capacity) i is adjustable while operat- 
ing by means of screw and hand- 

wheel. Capacities from 0.4 to 405 
gpm pm. Pressures to 20,000 psi. Plunger 


iameters from 5/16” to . For 
prac 


controlled volume pumping . 


tically all chemicals, slurries, solids in 
suspension, etc. Sanitary liquid ends 
are available. Ideal units for auto- 
matic feed systems. Literature 
describes proportional feed, blending 
or formulating, constant speed, hy- 
draulic pressure and bottle filling 
systems . . . contains capacity-pressure 
and air consumption tables, etc. . . . 
Write for it. 


Highly Transparent to 
Ultra- — diation 


Chemically and 
Catalytically Inert 


Useful up to 1000°C and 
under Extreme Thermal 
Shock 


Unusually Resistant 
Electrically 


Homogeneous and 
Constant in Properties 

Tubing available in sizes 
up to 5” internal diameter. 
Rod available in sizes up to 
1” diameter 


ZRES 


& 


TRANSPARENT VITREOSIL (itroous silica) 


TUBING AND ROD 
Prices recently reduced by 20% 


Send for Bulletin £9 covering specifications 
and prices on standard sizes 


The THERMAL SYNDICATE Ltd. 


12 East 46 Street 


New York 17, N. Y. 
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lowest 


@ TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


ANHYDROUS 
SODIUM 
MOLYBDATE 


@ PURE 
MOLYBDENUM 
TRIOXIDE 


@ AMMONIUM 
MOLYBDATES 


@ MOLYBDIC 
ACID, 85% 


One of these five com- 
pounds will prove to be 
the most economical raw 
material for the production 
of chemical products such 
as Molybd 
ing catalysts and pigments. 

Write our development 
division if you wish to take 
up questions concerning 
technological problems 


involving the chemistry of | 


antai 


CLASSIFIED SECTION 


Advertisements in the Classified Section of are yable 
advance, and are placed at i5e a word, with « ro four fines Box 
counts as two words. 
American Institute of Chemical bay in - 
free of wr. per year. More than one insertion to members will be made at half rates. In 
—— Ae eel Section of Chemical Engineering Progress it is « by prospective 
employers a employees that all communications will be acknowledged, and the service is 
made available on that condition. advertisements one-inch deep are evailable at $15 
an insertion. Size of type may be fied by advertiser. in answering advertisements al! 
box numbers should be addressed care of Chemical E. “7 Progress, Classified Section. 
120 East Street, New York | 7, NY ORegon 9.1560. Advertisements for this 
chouté be te the ts 25th of the month preceding the issue in which 
appear 


SITUATIONS OPEN 


Chemical Engineer Pilot plant and develop 
ment work. Eastern location. 5-6 years’ 
experience, preferably man with great in 
itiative, resourcefulness and qualities of 
leadership. At least M.S. degree desired 
Give details education, personal data and 
salary requirement. Box 14.2 


Chemical Engineer Supervisor — Attractive 
opening eastern location for pilot plant 
supervisor with broad experience orgenic 


chemicals. Please submit complete resume 
and salary desired. Box 15-2 


EXECUTIVE DIRECTOR OF TECHNICAL OPERATIONS 
NEEDED 


A multi-division corporation operat 
ing in the hydrocarbon and silica fields 
seeks an outstanding man to direct its 
production, engineering and research 
activities 

He will have full responsibility for 
plant design. engineering and con 
struction, and the evaluation and con 
trol of both long and short-term research 
projects through laboratory, pilot plant. sponsibility of this top level executive 
process and general engineering stages position. Applications will be treated in 
In staff capacity he will aleo serve as strict confidence and will receive im 
mediate consideration 


manufacturing, including process de- 
velopment and industrial engimeecring. 

Our operations are varied and com- 
plex. Our record of growth and prog- 
ress is outstanding. We are interested 
in further diversification slong related 
lines with the result that our future 
growth p ial is 

Salary is commensurate with the re- 


senior executive on matters relating to 


Box 18-2 


SITUATIONS WANTED 
A.1.Ch.£. Members 


Unit Process EngineerSc.D. mar- and design work at short notice 
wed, 27. Two years successful industrial __Lecation immaterial. 42 
rience. Excellent academic record and 
oa erences. Desire development and re- Chemical Engineer BChE. 1940, married. 
search position. Box |.2 30. Five years experience as process engi 
meer in petroleum research and develop 
Chemical Engineer—-Ph.D.. age 34. Thirteen ment and five years as enalytical chemist 
years of diversified and responsible indus- in the insecticidal field. Desire production 
trial experience covering catalytic crack- or _oF development Box 5-2 
ing. complete refinery design and revamp, 
atomic energy design. light-ends recovery Chemical " Engineor— B.ChE.. 1941, married, 
and oxygenated compounds § separation. 31 Four years experience im technica! 
Streng in distillation, absorption, extrac- department, now chief chemist Vous yee 
tion and adsorption. Experience ranges experience as troop commender in w 
from process design and development to ll. Desire gy yh technical depart 


project engineering. Desire responsible po ment position. Box 
sition requiring technical, « 
and _and organisational ability. Box 2 Chemical Engineer With experience in 
trochemical process development 
ls and heav 
Chemical ‘Qagineer- BOLE 1948, single Ex years production in arsenica y 
perience in operation, construction and chemicals 2 years Naval engineering 
maintenance; vacuum distillation and dry officer 


destroyers. BSChE 1942. Taw 
Beta Pi, married, 29. Now in California { 
Box 7-2 


Sales Engineer Ph.D. in ChEng A 30 


ing ations, condensations. heavy 
on chlorination of benzene, phenol 


empha 
an thy! alcohol. Box 3-2 


Ghomtesd Engineer BSChE 1943, 29, single, willing to travel Professiona eng 
yeare in charge of auto neering——-New York. Five years’ develop 
matic control instrument installations ment and production experience in pe 
maintenance. Four years’ laboratory and troleum, fate and oils. Box 8-2 
pilot plant development of heavy metal 
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Chemical Engineer B.ChE.. Rensselaer 
1938. Twelve years industrial experience 
Plant manager fish waste plant, supervisor 

process, supervisor nitric acid 
plant. Considerable start-up experience. 
Desire reeponsible production position 
Write for resume. Box 9-2 

Chemical Engineer}!. MS. Desire oppor: 
tunity in production or process engineer- 
ing West or Gulf Coast. 2') years process 
studies and design with of] and chemical 
companies; 3 years Navy engineering of- 
ficer; | year inspection supervisor; 
years Box 10-2 

Chemical Engineer 194! Six 
years’ experience in design and construc 
tion of research equipment; two years 


project work Desire location Pacific 
Northwest only. Box |!.2 

Sales Engineer — Aggressive. sales minded 
BSChE. 1936. married. 34 Fourteen 


years’ experience chemical and processing 
machinery industry, production. develop- 
ment, research, sales. Desire to represent 
you for Wisconsin ares. Box |2-2. 
Process MLT.. BS. MS. 1931, 
Chemical Engineering. Age 40. married 
18% years with 4 major contracters, 
petroleem refinery and chemical plant 
equipment design. Desire responsible po 
sition with progressive company. Box 13-2 


Chemical Enginecer—26. BSChE. with dis 
tinction University of Minnesota Six 
years’ petroleum refining experience; fluid 
catalytic cracking, catalytic reforming. 
polymerization. distillation, and extractive 
distillation. Group leader in production 
technical service and process design. Ex 
perienced in evaluation and improvement 
of operations, report writing, data correla- 
tion. Desire change in location, preferably 
not Seuth or Southwest. Box 16-2 


Versatile Chemical Engineer30. BS ChE. 
Veteran, Tau Beta Pi. Three years of plant 
and equipment design and supervision of 
design of oil refineries and chemical plants 
Three years of research and development 
and pilot plant work. Enthusiastic and 
cooperative worker. Box 17.2 


Reward—To the executive who needs for his 
staff a personable, ambitious chemical en 
gineer of superior ability. | offer nine 
years of exceptional experience in process 
improvement, cost analysis, savings studies 
design, and production in heavy inorganics, 
acids, insecticides, phosphates. phosphorus 
and its compounds. Box 19.2 


Chemical Engineer B.S 1942, Carnegie 
Tech. Single, 26. Seven years’ experience 
organic process including 
pilot plant work, and production of fine 
chemicals. Desire position development or 
production with opportunity for advance 
ment. Available immediately. Box 20-2 


development, 


Process Chemical Engineer.Specialist in 
high vacuum, development operation 
supervision. B.S. in Chem. 1939, Poly 


technic Institute of Brooklyn. with gradu 
ate work in organic Production super 
vision experience in TNT, Vitamin A and E 
Excellent references. Box 21.2 
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RECEIVES 
. VA. WATER POST 


Lyhle E. Gillenwater has been ap- 
pointed junior engineer for the West 
Virginia Water Commission according 
to a recent announcement. 

Mr. Gillenwater holds an M.S. and 
B.S. in chemical engineering from West 
Virginia University. During his year 
of graduate work at the university, he 
studied a photoelectric method for 
measuring the dust content of coal. This 
study was made possible through a fel- 
lowship from the Calcium Chloride 
Association. His immediate concern 
will be with the commission’s problem 
of coal washeries which cause pollution 
in the state’s streams. 

Mr. Gillenwater attained the rank of 
first lieutenant in the Army during 
World War IL. 


Robert F. Seubert is now senior 
technical representative with the Kop- 
pers Co., Inc., Pittsburgh, Pa. He is 
associated with the chemical divisions 
sales. 


Paul Bame is tow located at An- 
tioch, Calif., with Fibreboard Products, | 
Inc., as control chemist. He was for- 
merly associated with the Valite Corp., 
Lockport, La. 


C. Leroy Carpenter is affiliated with 
the Colgate-Palmolive-Peet Co., Jersey 
City, N. J. He was formerly a graduate 
student in the department of chemical 
engineering, Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y. 


Robert B. Schow, formerly chemical! 
engineer, research and development 
division, Diamond Alkali Co., Fairport, 
Ohio, is now production superintendent, 
National Distillers Chemical Corp 


R. B. Coleman, Jr., formerly asso- 
ciated with the Southern Research In 
stitute, Birmingham, Ala., is now with 
the Southern Cement Co., in the same 
city. 


R. Merton Shields has been ap 
pointed secretary of the Duriron Co., 
Inc., of Dayton, Ohio. Mr. Shields is 
a mechanical engineer, a graduate of 
Michigan College of Mining and Tech- 
nology and prior to his new appoint- 
ment was manager of the Dayton dis 
trict sales for The Duriron Co. He 
has been with the company since 1936. 
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Let us furnish estimating 
data or quotations to meet 
your exact specifications 


When you want process 
equipment built of monel for 
handling corrosive liquids con- 
taining chloride ions, non-oxi- 
dizing acids, or other corrosive 
ingredients, remember that this 
metal is no stranger to Chicago 
Bridge. Our shops know how 
to handle it and our plants are 
located to provide prompt serv- 
ice. Write the nearest office for 
information or a quotation. 


CHICAGO BRIDGE 
& IRON COMPANY 


Atlante 3 2131 Heeley 
1540 North Fiftierh 

Boston 10 20! Devonshire 
Chicego 4 2138 McCormick 
Clevelend 15 Bidg 
1546 Lefeyerte Bidg 
Hewston 2 1/54 Netenal Stenderd Bidg 
los Angeles 14 1341 General Petroleum Bidg 
New York 6 165 Broedway Bidg 
1640—1700 Welnut Street Bidg. 
4 West 17th Seuth 
Seertie 1368 Henry Bidg 
Tulse 3 1643 Hunt Bidg 


Plents at BIRMINGHAM, CHICAGO, 
SALT LAKE CITY, and GREENVILLE, PA. 
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Pyroflex-Constructed 
FUME WASHERS 


In designing Fume Washers Knight 
engineers consider individual space 
and weight limitations, water con- 
sumption and fan power, as well as 
service conditions involved. The 
result is an engineered functional 
unit “tailored” to meet your specific 
requirements. Of Pyroflex or Per- 
manite Construction (depending on 
service) for complete corrosion re- 
sistance, these units utilize Berl 
Saddles to insure peak performance. 
Although individually engineered 
for maximum efhciency, Knight 
Fume Washers are relatively low in 
cost and economical in operation. 
Some of the jobs handled by these 
complete functional units include: 


Removal of HCL fumes 
Removal of chlorine fumes 


Removal of hydrofluoric acid fumes 


Removal of dust from exhaust gas 
Production of dilute muriatic acid 
Cooling hot acid gases for processing 


Suppression of oil and acid mists 


Cooling and removing dust from gases 
and many other types of service. 


When writing for information 
lease include full details regard- 
ing service conditions. 


MAURICE A. KNIGHT 


702 Kelly Ave., Akron 9, Ohio 
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E. A. ULRICH 


Edward A. Ulrich was elected vice- 
president of the Niagara Filter Corp., 
effective Jan. 1, 1950. One of the origi- 
nal employees of the firm when it was 
founded in 1940, Mr. Ulrich has held 
various positions, and has been technical 
director since 1945. He will continue to 
hold that position in addition to his new 
office. With this company he has 
done considerable work in establishing 
markets for Niagara filters in the food, 
brewing, chemical, pharmaceutical and 
other process industries. A graduate of 
Purdue University in chemical engineer- 
ing in 1931, Mr. Ulrich is the author of 
several published articles on filtration 
in the brewing and sugar industries 


J. Donald Charlton is now in So 
Vacuum Oil trade 
department as process products engineer 
for Colombia, S. A. Mr. Charlton 
been employed by Socony-Vacuum since 
1942 
trom which he returned in 
to the 
where he remained until June 


TENN. EASTMAN MAKES 
TEXAS APPOINTMENTS 


personnel for the 


cony Co.'s foreign 


has 


xcept for two vears in the Navy 
April 1946 
department 


1949 


techmical service 


new 
Tennessee East 
Tenn., to be lo 
Tex., recently 


Managing 
Texas division of the 
man Corp., Kingsport 
ited at 


innounced by 


Longview, was 


James CC. White, presi 
dent of the corporation 
David C. Hull will be division man 


ager. Mr. Hull has 
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SWEARINGEN, ZINK, NEW 
DUTIES AT STANOLIND 


Personnel changes in Stanolind Oil 
and Gas Co.'s Tulsa general ‘office and 
other divisions became effective Jan. 1, 
1950. 

J. E. Swearingen, formerly executive 
assistant to the vice-president in charge 
of operations, has been appointed cen- 
tral division manager, and Dr. Donald 
G. Zink has been named general super 
intendent products depart- 
ment, 


chemical 


The new manager of Stanolind’s cen 
tral division, John Swearingen, joined 
Stanolind Oil and Gas Co. in April, 1947, 
as a project engineer, transferring from 
Standard Oi! Co. (Ind.). In October, 
1947, he became development superin 
tendent of the manufacturing depart 
ment and assistant to the manager of 
that department in 1948. He was made 
executive assistant to the vice-president 
in charge of operations, Jan. 1, 1949. 

Dr. Zink was director of technical de 
velopment for U. S. Industrial Chem 
icals, Inc., before going to Stanolind in 
1947. As general superintendent of the 
chemical products department, Dr. Zink 
will be in charge of all commercial de 
velopment and marketing in the field of 
chemicals. 


Sidney Allan Savitt is now affiliated 
with the Consolidated Products 
Inc., New York, N. Y., as a sales engi- 
Dr. Savitt was formerly a con- 
sulting chemical engineer and prior to 
that was with The M. W. Kellogg Co., 
New York, N. Y., as a research engi 
neer 


Co., 


neer. 


KIRKPATRICK GUEST 
SPEAKER AT ST. LOUIS 


Sidney Dale Kirkpatrick, vice-presi 
dent, McGraw-Hill Book Co., and editor 
E-ngimeering was guest 
Hotel Sheraton 
St. Louis, Jan. 20, climaxing dedication 


Chemical 
speaker at a dinner at 
ceremonies of Washington University's 
new $500,000 Henry Edwin Sever Me- 
Hall. The talk was titled, 
‘Training for Leadership in Industry.” 

For 30 years Mr. Kirkpatrick has 
been closely connected with the develop 
ment of chemical engineering. He has 
been associated with McGraw-Hill since 
1921, first as an assistant editor of 
Chemical & Metallurgical Enqgineer- 
ing, now known as Chemical Engineer 
mg, trom 1921-24; associate editor from 
1925-28 and in chief 


since 


Thomas B. Richey, Jr., formerly as 
with the 
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“ELECTRIC EAR” ~ 


The Hardinge 


is 


the only device of its kind that controls 
the feed rate in grinding mills by listen- 
ing to the sound of the rotating load. 


It compensates for changes in hardness, 
size of teed, etc.—producing a more 
uniform oversize, increasing mill capac- 
ity 10 to 20%, and freeing the operator 


tor other duties. 
Ask for Bulletin 42-40 


* Reg. U. S. Patent Office 


YORK, PENNSYLVANIA — 240 Arch St. 


SAN FRANCISCO 11—24 Colifernie St. - 


“Keeps my ball 
mill up to snuff” 


NEW YORK 17—122 E. 42nd St. - 205 W. Wacker Drive—CHICAGO 
200 Bay $t—TORONTO 


comes economical when the pressure of water 


How Aqua-Vactors Produce 


Vacuum with Water 
*C-R Aqua-Vactor Uses Water as Motivating Fluid 


Combining 
the advan- 
tages of the 
steam jet _ 
terand the low 
cost of water, 


is employed 
economically 
im many instances. 
jet may be used te 
and in isolated cases, handle air and 


While not as efficient as « steam jet ejector, the 
is 


ether process work. In such cases it may be possible te use 

using water under pres ate the AQUA-VACTOR and using the 
exhaust from the 


The Mlustration shows « type SW EVACTOR using steam in the first 
and water in the second « A is 
both as an ejecter and as « 
condensing steam from the first stage. Of interest te engineers with 
corrosion problems, the steam in the iustration ic constructed of 
The carben is 


for ether processes 


more complete informa tien of the UA- 
vacton. aay type of steam evacton. 


REYNOLDS 
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CROLL-REYNOLDS CO., INC. 


17 JOHN STREET, NEW YORK /, N. Y. 
CHILL VACTORS STEAM JET EVACTORS CONDENSING EQUIPMENT 
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Laboratories generally are among the 
safest places to work—partially because 
the technician's training and intelligence 


caution him when danger exists. In addi- 


tion, laboratories have at their command 


an entirely unique group of safety regula- 


tions, apparatus, and chemicals specifically 


developed to minimize the accident rate. 


The development and manufacturing 
facilities of the Fisher Scientific Co. insure 


an immediate and comprehensive supply of 


717 Forbes St, Pittsburgh (19), Pe. 
2109 Locust Se, St. Lewis (3), Mo. 


these items. | 


Heedquerters for Laboratory Supplies 


FisHer ScientiFic Co. re: EIMER ano AMEND 


CHEMICAL ENGINEERING PROGRESS 


New York (1%), Mew York 4 
Canade: Fisher Scientific Co., Ltd., 90% St. James Street. Montree!. Quebec 


| 
j 
Greenwich and Morton Streets { 


Tongs 
Carboys and Tilters 


Stirring Devices 
First Aid Cabinets 
Pipette Fillers 
Safety Shields 
Goggles and Visors 
Respirators 
Protective Creams 
Fire Blankets 
Fire Extinguishers 
Acid Pouring Spouts 
Safety Heating Apparatus 


Desiccator Guards 


eadquarters for 
Acid Bottle Carriers 
Coats, Aprons, Gloves 
Radiation Instruments 
Fume Hoods 
‘ 
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New bulletin. 


OISTHILATION 
ENGINEERING AND 
EQUIPMENT 
Ore om quest 


stillation 


processes and equipment for . . 


. . . the separation of hydrocerbons or other 
organic chemicals, should be designed for 
efficiency in terms of overall operating costs 
and amortization of capital investment. Tray 
efficiency, cleaning facility and resistance 
to corrosion ere the principal factors to be 
considered. For practical purposes, tray 
efficiency or tray spacing may be reduced 


to 


keep tower cost at a minimum. A bal- 


ance of utility costs against chemical 


os recovery may indicate the desirability of 


acrificing some of the recoverable 

material, with a corresponding reduc- 
tion in the capital outlay for columns 
and associated calandrias, condensers 
and heat exchangers. 


Particularly when potential changes 
in process or product specifications 
are foreseen, distillation columns 

with sectional shells and removable 
trays of alloy construction 


tower to tower as 


cause of the ease of 


Hanability and resist 
HDrrosion. 
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SWENSON 


RESEARCH 
SPRAY DRYER 


laboratory operations 


This new unit provides instant drying at low temperatures with close control of 
the moisture content of the finished product. It is recommended for all applications 
requiring small drying capacities. 

The Swenson Research Spray Dryer can be used as a research tool for the de- 


velopment of new products and new processing methods of old products. It can be 
used for the commercial production of high-value, low-volume pharmaceutical and 


fine chemical products where present processing methods result in poor quality con- 
trol and costly losses. Completely described in Bulletin D-106—send for a copy. 


SWENSON EVAPORATOR CO. 


DIVISION OF WHITING CORPORATION 
15690 Avenue Harvey, Illinois 


Eestern Soles and Export Department: 30 Church Street, New York 7,N. Y. 
tn Conede: Whiting Corporation (Conede) 47-49 LePiante Ave., Torente 2 
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